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by  the  U.S.  Department  of  Agriculture  of  any 
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FOREWORD 


Range  and  wildlife  resources  are  important 
components  of  western  wildlands.   Their  value 
and  use  continue  to  gain  importance. 
Consequently,  areas  must  be  maintained  and 
managed  to  gain  maximum  benefits.   Various  range 
and  wildland  sites  have  been  altered  by  past 
uses,  resulting  in  changes  of  plant  composition 
and  a  reduction  in  herbage  production  and 
wildlife  habitat.   Weeds  now  dominate  some 
areas.   Soil  losses  and  disruption  to  watershed 
systems  have  diminished  the  productivity  of  some 
important  areas. 

Recent  advances  in  revegetation  and  management 
systems  provide  better  means  to  improve  many 
depleted  wildlands.   The  identification  of  the 
different  subspecies  of  big  sagebrush  (Artemisia 
tridentata)  has  facilitated  the  development  of  a 
habitat  typing  system  for  this  extensive 
shrubland.   The  classification  system  can  be 
used  to  determine  the  distribution  and  areas  of 
occurrence  of  species  associated  with  this  shrub 
type.   The  classified  subunits  ran  also  be  used 
to  determine  the  site  potential  and  to  identify 
range  conditions  and  departure  from  climax 
conditions. 

Long-term  ecological  studies  of  various  vegetal 
communities,  including  both  grazed  and  protected 
sites,  have  documented  the  response  of 
individual  species.   Range  and  wildlife  habitat 
improvement  projects  established  within  the  past 
60  years  provide  a  history  of  growth  responses 
and  successional  adjustments  and  compatability 
of  introduced  and  native  species.   Such 


information  helps  determine  if  areas  require 
remedial  treatment  and  what  methods  could  be 
employed. 

Wildland  plantings  have  been  hampered  by  the 
lack  of  seed  and  plant  materials  of  native 
species.   Seeds  of  various  species  are  collected 
in  sizable  quantities  from  localized  areas,  but 
lack  of  satisfactory  seed  standards  and 
marketing  guidelines  has  weakened  the  sale  of 
quality  seeds.   Recent  selections  of  grasses, 
broadleaf  herbs,  and  shrubs  have  provided 
strains  and  ecotypes  that  are  specifically 
adapted  to  vegetative  conditions  and  soil  types. 
Of  particular  importance  has  been  the 
development  of  plants  that  are  adapted  to  arid 
sites.   In  addition,  seed  germination  and 
seedbed  requirements  have  been  studied  for  some 
principal  species.   Although  data  are  not 
available  for  all  species,  planting  systems  have 
been  improved  to  reduce  weedy  competition  and 
promote  seed  germination  and  survival. 

Methods  and  equipment  designed  to  separately 
seed  slower  developing  species  from  more 
aggressive  and  rapidly  growing  species  have 
successfully  allowed  a  mixed  composition  of 
species.   Interseeders  have  also  been  developed 
to  plant  select  species  in  established  plant 
communities  without  fully  disrupting  the 
existing  species. 

As  knowledge  of  range  and  wildlife  improvement 
practices  is  more  fully  developed,  both 
preventive  and  remedial  measures  can  better  be 
developed.   It  is  anticipated  this  proceedings 
will  serve  these  purposes. 
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Section  1.  Principles  of  Wildland  Restoration 


MANAGEMENT  IMPLICATIONS  ASSOCIATED  WITH  LAND 

STRATIFICATION  AND  HABITAT  TYPING 

Ronald  K.  Tew 


ABSTRACT:   The  Boise  National  Forest  is  following 
land  systems  inventory  procedures  to  identify 
resource  values  and  management  constraints. 
Habitat-typing  concepts  are  used  to  refine  the 
inventory  data  and  provide  additional  interpreta- 
tions on  land  systems  units.   Several  levels  of 
inventory  are  used  to  meet  planning  needs. 


INTRODUCTION 

Land  management  planning  is  currently  being  done 
on  National  Forest  System  lands  as  required  by 
the  National  Forest  Management  Act  of  1976.   Broad 
inventories,  together  with  site-specific  evalua- 
tions, provide  the  basic  data  for  preparing  plans 
and  for  making  critical  land  management  decisions. 
The  site-specific  information  is  also  used  exten- 
sively in  preparing  environmental  assessments  and 
in  selecting  areas  to  be  improved. 

Much  of  the  data  required  is  being  collected 
through  land  systems  inventories  (Wertz  and  Arnold 
1972;  Bailey  1980).   Habitat  types  (units  of  land 
that  are  capable  of  producing  similar  climax  vege- 
tation) are  used  to  refine  inventory  units  by 
recognizing  vegetation  types  that  are  indicative 
of  an  integrated  moisture  and  temperature  regime. 

Although  nine  levels  of  land  systems  inventory  are 
recognized  by  Bailey  (1980) ,  only  three  levels 
will  be  discussed  here.   The  most  inclusive  of 
these  three  levels  will  be  referred  to  as  "zones." 
Zones  are  broad  units  of  land  with  similar  geologic 
structure,  landform,  and  climate.   Within  zones, 
"landtype  associations"  are  recognized  on  the 
basis  of  landform,  soils,  geology,  and  climate. 
"Landtypes"  are  identified  within  the  associations. 
They  provide  more  site-specific  information  on 
landform,  soils,  and  vegetation.   Habitat  types 
or  groups  of  habitat  types  are  recognized  within 
any  land  systems  level  desired. 

All  three  levels  are  being  used  to:   (1)  Describe 
the  location  of  resources  available  for  manage- 
ment, (2)  improve  predictive  capabilities  in  terms 
of  production  potentials  and  limitations  imposed 
on  management  within  sensitive  environments,  (3) 
provide  a  basis  for  extrapolation  of  information 
from  one  unit  of  land  to  another,  (4)  improve 
interdisciplinary  communication  where  a  common 
land  base  has  been  established,  and  (5)  provide 
a  relatively  homogeneous  environment  that  reduces 
sampling  variation. 


Ronald  K.  Tew  is  Range,  Watershed,  and  Wildlife 
Officer  on  the  Boise  National  Forest,  USDA,  Forest 
Service,  Boise,  Idaho. 


FOREST  STRATIFICATION 

The  land  systems  inventory  process  presented  by 
Wertz  and  Arnold  (1972)  provided  the  original 
framework  for  land  stratification  on  the  Boise 
National  Forest.   Work  by  Wendt  and  others  (1975) 
expanded  the  interpretations  and  provided  a  Forest 
map.   Since  that  time,  additional  changes  have 
been  made  using  the  concepts  of  Arnold  (1975)  and 
Bailey  (1980)  to  obtain  a  broader  frame  of  refer- 
ence than  just  the  Boise  National  Forest. 

Bailey's  map  was  used  to  identify  analysis  areas 
for  the  Forest  Service  Regional  Plan  in  the  Inter- 
mountain  Region  (USDA  Forest  Service  1981b) .   The 
Boise  National  Forest  is  located  within  the  North- 
ern Rockies  Analysis  Area,  characterized  by  the 
grand-fir-Douglas-fir  vegetation  types. 

Within  the  Northern  Rockies  Analysis  Area, 
subsections  identified  by  Arnold  (1975)  were 
superimposed  on  the  forest  base  map.   These  sub- 
sections established  differences  in  basic  geologic 
structure  and  landform  and  helped  refine  analysis 
areas.   The  resulting  units  are  the  zones  pre- 
viously defined.   Landtype  associations  recognized 
by  Wendt  and  others  (1975)  were  expanded  to 
provide  contiguous  units  within  these  zones.   The 
stratification  process  used  in  delineating  asso- 
ciations was  based  on  five  broad  geomorphic 
groupings:   (1)  Glaciated  lands  formed  on 
high-elevation  landscapes,  (2)  cryic  lands  occur- 
ring on  frost-churned  areas  at  moderately  high 
elevations,  (3)  fluvial  lands  formed  on  landscapes 
dominantly  affected  by  the  erosive  action  of  water, 

(4)  volcanic  lands  formed  on  flows  and  cones,  and 

(5)  depositional  lands  resulting  from  glacial 
moraines,  outwash  materials,  and  alluvium. 

All  or  portions  of  21  zones  were  established  to 
cover  approximately  3  million  acres  of  land.   From 
three  to  five  landtype  associations  were  recognized 
within  each  zone.   More  than  100  landtypes  were 
identified  throughout  the  forest. 


GEOLOGY  AND  SOILS 

Granitic  (quartz  monzonite  and  granodiorite) 
parent  materials  of  the  Idaho  Batholith  cover 
approximately  85  percent  of  the  Boise  National 
Forest.   Soils  are  sandy  and  often  shallow  to 
moderately  deep  over  fractured  decomposed  bedrock. 
Clayton  and  Arnold  (1972)  have  described  the 
differences  in  bedrock  characteristics  in  terms 
of  structure,  texture,  weathering,  and  fracturing 
qualities  which  affect  the  type  of  soil  being 
developed . 


Basalt  flows  are  common  on  the  southern  end  of  the 
forest  where  deeply  cut  canyons  overshadow  the 
streams.   A  limited  acreage  of  structurally  con- 
trolled basalt  lands  with  west-facing  dip  slopes 
occurs  on  the  west-central  portion  of  the  forest. 
In  the  basalt  parent  materials,  soils  are  often 
shallow,  cobbly  clay-loams,  although  some  sites 
have  moderately  deep  to  deep  soils  that  are  very 
productive . 


MANAGEMENT  IMPLICATIONS 

Discussion  of  management  implications  associated 
with  land  systems  inventory  and  habitat  typing 
is  limited  to  production  potentials,  sampling 
intensities,  extrapolation  of  data,  sedimentation 
and  mass  wasting  problems,  and  implementation  of 
watershed  and  forage  improvement  projects. 

Range  Forage  Production 

Forage  production  has  been  measured  on  range 
allotments  for  many  years.   In  the  past,  informa- 
tion has  been  collected  by  range  type  (sagebrush/ 
grass,  dry  meadow,  etc.)  without  correlation  to 
soils  and  habitat  types.   As  a  result,  sampling 
variability  has  been  greater  than  desired. 

Because  range  forage  sampling  sites  were  identi- 
fied on  maps,  they  can  now  be  correlated  with 
mapped  land  systems  units.   Also,  because  range 
habitat  types  have  been  established  for  Idaho, 
this  concept  can  be  applied  to  the  older  inventory 
information  by  recognizing  key  species  identified 
on  inventory  forms. 


Sampling  Intensity 

Because  inventory  and  sampling  is  a  continuous 
process,  one  must  decide  the  proper  level  of 
sampling.   Previous  inventories  provide  the  mea- 
sure of  variation  needed  to  make  these  estimates. 
Although  the  example  being  used  relates  to  range 
production,  equal  use  can  be  made  of  the  homoge- 
neous land  units  for  wildlife  studies,  soil 
monitoring  programs,  timber  production  estimates, 
and  similar  studies. 

Using  range  analysis  data,  it  is  possible  to 
determine  the  coefficient  of  variation  for  pro- 
duction studies  and  relate  these  values  to  the 
number  of  samples  needed  to  obtain  acceptable 
estimates.   The  coefficient  of  variation  expresses 
the  sample  standard  deviation  as  a  fraction  of 
the  sample  mean  and  is  useful  in  calculating  sam- 
ple size  using  the  following  equation: 


n  =  (t-)(CV)- 


where 


CV 

E 


=  the  number  of  samples  needed. 

=  a  tabular  value  from  the  student's  t-distri- 

bution  based  on  a  specified  confidence  level 

and  on  sample  size. 
=  the  coefficient  of  variation. 
=  the  percent  variation  from  the  true  mean 

value  that  is  acceptable  (expressed  as  a 

decimal) . 


A  quick  evaluation  of  the  equation  can  be  made 
by  referring  to  figure  1. 


With  major  funding  constraints,  there  will  be  few 
opportunities  to  continue  range  analysis  in  the 
traditional  manner,  yet  production  information  is 
still  needed  to  prepare  adequate  plans  for  allot- 
ment management.   To  meet  this  demand,  information 
from  approximately  1,300  transects  was  assembled 
and  analyzed.   Production  was  evaluated  by  range 
types  on  land  systems  units  at  various  levels  of 
stratification. 

Although  this  type  of  analysis  helped  in  inter- 
preting production  values,  there  was  a  real  need 
for  further  refinement.   It  was  recognized  that 
year-to-year  variation  was  great  and  that  produc- 
tion and  species  composition  varied  greatly 
within  range  types,  which  included  many  habitat 
types.   Also,  it  was  common  to  only  have  1  year 
of  inventory  data. 
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To  improve  interpretations,  information  was  sorted 
into  habitat  types.   Herbage  production  was  then 
summed,  using  data  from  1963  to  1981.   Production 
by  habitat  type  was  established  for  individual 
species  of  grasses,  forbs,  and  shrubs  together 
with  totals  for  each  of  these  categories.   Forage 
values  were  assigned  to  individual  species  and 
total  herbage  production  was  adjusted  based  on 
differences  in  species  palatability .   Using  many 
years  of  data  greatly  increased  the  reliability 
of  production  estimates  on  specific  areas  identi- 
fied in  the  land  systems  inventory. 


Figure  1. — Relation  between  sample  variability 
and  the  number  of  samples  needed  for  various 
levels  of  precision. 

This  figure  is  based  on  a  20  percent  confidence 
level  and  has  curves  for  ±10  to  ±40  percent  of 
the  true  mean  for  any  coefficient  of  variation 
specified.   The  number  of  samples  needed  to  reach 
an  acceptable  level  of  precision  can  be  read 
directly  from  the  curve  without  having  to  go 
through  several  approximations  with  the  equation. 
Although  a  20  percent  confidence  level  is  used 
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and  is  assumed  to  be  acceptable  for  range  sam- 
pling, curves  for  other  confidence  levels  can  also 
be  easily  prepared. 

Data  Extrapolation 

Because  funding  and  time  constraints  limit  the 
amount  of  sampling  that  can  be  done,  the  system 
being  described  provides  a  basis  for  extrapolating 
present  information  to  units  of  land  where  no 
information  has  been  obtained.   The  data  previously 
described  can  be  used  to  extrapolate  production 
estimates  to  land  units  where  no  sampling  has  been 
done.   The  range  type  or  habitat  type  must  be 
identified  for  the  unit  of  land  in  question 
together  with  the  land  systems  unit  that  has  been 
mapped.   The  production  estimates  can  then  be 
used  directly.   It  is  best  to  keep  the  extrapo- 
lation of  data  within  the  mapped  zones  because 
of  differences  encountered  between  zones. 

Restoration  and  Improvement  Work 

Land  systems  inventory  and  habitat  typing  have 
significant  values  in  restoration  work.   Some 
important  considerations  include:   (1)  The  land 
areas  suitable  for  seeding,  planting,  burning, 
spraying,  or  for  some  type  of  mechanical  treatment 
can  be  easily  identified  and  a  backlog  of  work 
needs  programed  for  accomplishment,  (2)  predicted 
responses  for  any  given  environment  can  be  made 
including  planting  success  on  trees  and  shrubs, 
increases  in  production  following  seeding  or 
burning,  limitations  associated  with  hot  or  cold 
temperatures,  moisture  deficits  or  excesses,  and 
slope  stability  and  erosion  concerns,  and  (3)  seed 
collection  and  planting  can  be  tied  directly  to 
the  habitats  of  concern  as  well  as  selecting 
adapted  species  that  will  increase  success  of 
restoration  projects.   The  need  for  such  improve- 
ments as  water  developments  can  also  be  related 
to  land  units  in  a  general  way. 

Erosion  and  Sedimentation 

Slope  instability  and  sedimentation  are  a  major 
concern  to  land  managers  in  the  Idaho  Batholith 
because  sediment  constraints  are  tied  directly 
to  management  activities.   In  order  to  meet 
requirements  in  various  plans,  sedimentation 
associated  with  fire,  road  construction  and  main- 
tenance, mining,  grazing,  and  timber  harvest 
activities  must  be  planned  for,  controlled,  and 
monitored  closely.   The  land  manager  must  under- 
stand slope  stability  as  it  relates  to  bedrock 
structure,  texture,  weathering,  fracturing  quali- 
ties, and  landscape  characteristics. 

The  sediment  prediction  procedure  currently  being 
used  on  the  Boise  National  Forest  is  applied  on 
watersheds  that  are  stratified  into  land  systems 
inventory  units  (USDA  Forest  Service  1981a) .   The 
model  is  used  to  predict  natural  sediment  levels 
together  with  current  rates  and  any  increase  that 
might  be  created  by  management  activities.   Cumu- 
lative effects  are  evaluated  over  time,  taking 
any  increase  in  sedimentation  into  account  and 
evaluating  the  rate  of  return  to  natural  levels. 
The  information  is  useful  in  comparing  impacts  of 
different  alternatives  being  considered  in  the 
planning  process. 


Because  onsite  erosion,  as  well  as  stream  sedimen- 
tation, are  evaluated,  it  is  possible  to  predict 
average  changes  in  water  quality  and  to  relate  to 
fisheries  interpretations.   Although  surface 
erosion  is  usually  insignificant  on  forested 
watershed,  it  becomes  an  important  factor  to  con- 
sider on  lands  disturbed  by  man's  activities. 

Mass  erosion  hazards  related  to  soil  failure  and 
movement  of  material  by  gravity,  either  slowly 
or  quickly,  can  be  a  significant  factor  on  many 
landtypes.   Therefore,  hazard  ratings  are  assigned 
to  all  landtypes  and  are  used  in  the  total  sediment 
yield  predictions  on  selected  watersheds.   By 
combining  the  sediment  yields  from  natural  pro- 
cesses with  yields  from  surface  erosion  and  mass 
erosion,  a  total  sediment  yield  can  be  predicted. 
The  ability  of  soil  scientists  and  hydrologists 
to  adequately  predict  sedimentation  may  truely 
determine  the  use  constraints  on  critical  water- 
sheds in  the  near  future. 

CONCLUSIONS 

Land  systems  inventory  units  combined  with  habitat 
typing  concepts  provide  a  useful  land  management 
framework.   Resources  available  for  management  can 
be  cataloged  in  an  orderly  manner  using  a  land 
stratification  system.   Communications  between 
disciplines  are  improved  when  land  units  have  been, 
clearly  defined.   This  becomes  a  critical  factor 
in  more  aspects  than  is  commonly  recognized. 
Sampling  and  extrapolation  of  data  from  one  unit 
of  land  to  another  can  be  greatly  improved.   This 
can  effect  significant  savings,  which  is  important 
during  periods  with  rapidly  declining  budgets. 
Predictive  capabilities  on  sediment  yields,  site 
productivity,  and  response  to  restoration  work  are 
greatly  improved  by  characterizing  land  units. 

Because  of  these  advantages,  land  systems  inven- 
tories in  combination  with  habitat  typing  concepts 
can  be  highly  recommended  for  characterizing  lands 
where  management  is  being  intensified.   Continual 
improvement  is  needed  to  meet  changes  in  management 
direction.   This  change  is  what  makes  management 
difficult,  but  it  also  provides  challenges. 
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PRINCIPLES  OF  WEED  CONTROL  AND  PLANT  MANIPULATION 
James  A.  Young 


ABSTRACT:   Weed  control  and  revegetation  of 
degraded  range  sites  is  one  of  the  most 
challenging  tasks  facing  land  managers.   The 
manager  must  be  able  to  assess  the  inherent 
potential  for  specific  environmental  situations 
to  support  and  maintain  plant  growth.   The  land 
manager  must  also  be  able  to  assess  the  relative 
successional  status  of  these  environmental 
units.   Any  weed  control  treatment  will  initiate 
a  dynamic  successional  plant  response.   The 
consequences  of  this  response  must  be  understood 
and  directed  toward  desirable  management  goals 
or  the  weed  control  treatment  will  often  lead  to 
the  establishment  of  a  plant  community  less 
desirable  than  the  treated  one. 

INTRODUCTION 

The  manipulation  of  species  composition  and 
density  of  plant  communities  through  the 
application  of  weed  control  technology  is  one  of 
the  most  challenging  jobs  facing  land  managers. 
Weed  control  on  rangelands  may  be  accomplished 
through  the  use  of  mechanical,  herbicidal, 
grazing,  or  other  biological  techniques  as  well 
as  by  prescribed  burning.   Often  weed  control  is 
accomplished  through  the  application  of  two  or 
more  of  these  treatments  applied  on  the  same 
site. 


Selecting  Sites  for  Treatment 

Matching  the  weed  control  methodology  with  the 
site  is  a  formidable  task  in  range  improvement. 
An  old  and  often  used  rule-of-thumb  has  been  to 
improve  the  sites  that  have  the  greatest 
potential  for  production.   This  truism  has  to  be 
tempered  with  some  common  sense.   In  a  typical 
sagebrush-dominated  rangeland  the  sites  with  the 
greatest  potential  productivity  may  be  stringer 
meadows  along  streams.   Obviously  many  meadows 
can  stand  improvement,  but  in  terms  of  the 
forage  base  of  the  entire  range  unit,  the  upland 
sites  have  an  aggregate  production  far  in  excess 
of  the  meadows,  even  though  they  have  lower 
potential  for  forage  production  per  unit  of 
area. 

The  land  manager  has  to  know  the  potential  for 
the  individual  range  sites  that  compose  a  given 
unit  of  range  and  use  range  improvement 
techniques  to  fit  the  potentials.   A  classic 
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practical  example  of  this  problem  occurs  when  a 
land  manager  is  faced  with  a  proposal  for  brush 
control  and  seeding  on  a  unit  of  a  range 
allotment  which  consists  of  a  mosaic  of  big 
sagebrush  (Artemisia  tridentata)  and  low 
sagebrush  (A.  arbuscula) .   The  manager  has 
determined  that  the  area  to  be  treated  does  not 
support  sufficient  perennial  grasses  to  meet  the 
site  potential  if  the  excessive  amounts  of  brush 
are  reduced.   Because  annual  cheatgrass  (Bromus 
tectorum)  does  not  occur  in  the  understory,  the 
manager  decides  to  spray  with  a  2,4-D  and  drill 
wheatgrass  seed  in  the  standing,  dead  brush. 
Because  of  the  contrasting  site  potentials,  the 
land  manager  has  to  decide  whether  the 
treatments  are  to  be  uniformly  applied  without 
regard  to  site  potential  or  to  be  restricted  on 
the  basis  of  site. 

Factors  influencing  this  decision  are  the 
seedbed  characteristics  including  rock  cover  and 
ease  of  drilling  and  the  potential  of  the  soil 
to  support  perennial  herbaceous  species. 
Besides  these  basic  physical  and  biological 
characteristics,  the  land  manager  may  base  his 
decision  on  the  contribution  of  the  two  sites  to 
wildlife  habitat  or  cultural  resources.   When 
the  distribution  of  site  potentials  become  very 
disproportionate,  the  land  manager  has  the 
additional  problem  of  physically  applying  the 
treatments.   For  instance,  it  may  be  more 
practical  to  apply  herbicide  than  not  to  apply 
it  to  narrow  stringers  of  low  sagebrush  that  cut 
across  the  most  desirable  flight  path  to  the  big 
sagebrush  sites  that  must  be  treated. 


Current  Species  Composition  in  Relation  to  the 
Potential  of  the  Site 

In  assessing  site  potential  the  range  manager  is 
estimating  the  ultimate  productivity  of  the  site 
after  the  vegetation  manipulations  are 
completed.   The  immediate  problem  is  to  assess 
the  current  vegetation  in  relation  to  the 
potential  of  the  site. 

Using  our  hypothetical  example  of  a  big  and  low 
sagebrush  mosaic,  let  us  suppose  the  low 
sagebrush  sites  have  excessive  brush  cover,  but 
also  support  a  remnant  stand  of  perennial 
grasses.   These  perennial  grasses,  because  of 
more  favorable  conditions  for  grazing  (slope, 
distance  from  water,  etc.)  are  absent  on  the  big 
sagebrush  sites.   Now  the  land  manager  may 
decide  to  treat  the  entire  site  with  a  herbicide 
for  brush  control  while  seeding  only  the  big 
sagebrush  sites. 


Within  the  big  sagebrush  communities,  a  variety 
of  successional  communities  can  be  found 
occupying  sites  of  the  same  potential.   These 
range  from  pristine  mixtures  of  shrubs,  herbs 
and  grasses  to  cheatgrass  dominance  in  nearly 
monospecific  communities.   In  between  can  be 
found  brush-dominated  communities  with  virtually 
no  herbaceous  understory  species  and  shrub 
dominance  with  an  understory  of  cheatgrass.   The 
land  manager  must  tailor  his  weed  control  and 
revegetation  prescription  to  fit  the 
successional  stage. 


Preemption  of  Site  Potential 

Probably  the  most  basic  truism  in  weed  control 
is  that  ecologic  voids  do  not  persist.   More 
simply  stated — do  not  kill  a  weed  and  fail  to 
replace  it  with  something  more  desirable.   If 
you  proceed  to  create  holes  in  plant  communities 
with  a  weed  control  treatment  without  replacing 
the  controlled  species,  the  site  will  probably 
be  occupied  with  an  even  less  desirable  species. 
This  principle  was  the  primary  reason  the 
herbicidal  control  of  halogeton  (Halogeton 
glomeratus)  has  stopped.   Numerous  herbicides 
control  this  poisonous  weed,  but  land  managers 
lack  a  desirable  forage  species  to  replace 
halogeton,  especially  on  saline/alkaline  soils. 


Dynamics  in  Plant  Community  Structure 

The  control  of  big  sagebrush  with  the  herbicide 
2,4-D  provides  many  examples  of  the  nature  of 
plant  community  dynamics.   A  stand  of  big 
sagebrush  is  very  stable  where  the  majority  of 
the  plants  are  mature.   Most  seasons  the  plants 
probably  do  not  even  flower.   If  the  shrubs  are 
all  killed  with  the  application  of  2,4-D,  a 
series  of  dynamics  is  set  in  motion  in  the 
herbaceous  vegetation.   However,  if  the  shrubs 
are  only  partially  killed,  the  remaining  shrubs 
will  also  respond  dynamically.   The  shrubs  that 
are  not  killed  by  the  herbicide  take  advantage 
of  the  environmental  potential  released  by  the 
reduction  in  their  density  and  flower  profusely. 
Seeds  from  the  flowers  are  dispersed  to  the 
seedbed  under  the  shrubs  where  the  big  sagebrush 
seedlings  can  compete  successfully.   By  the  end 
of  three  growing  seasons  after  herbicide 
application,  the  density  of  big  sagebrush 
seedlings  combined  with  the  surviving  plants  may 
very  well  become  greater  than  the  shrub  density 
before  the  herbicide  was  applied.   The  more 
shrubs  controlled,  within  limits,  the  greater 
this  dynamic  reaction  will  be.   Limits  are 
established  by  killing  sufficient  shrubs  to 
release  enough  environmental  potential  to  fuel 
the  dynamics  and  yet  leave  sufficient  shrubs  to 
support  the  seed  production  to  initiate  the 
dynamics.   Unfortunately,  for  land  managers,  the 
shrubs  can  compensate  for  their  reduced  density 
with  increased  seed  production  per  plant  almost 
to  their  extinction.   What  this  means,  in  terms 
of  practical  weed  control,  is  that  partial  weed 
control  is  biologically  very  difficult  to 
sustain. 


This  type  of  dynamics  can  be  dampened  by  other 
biological  fractions  in  the  community.   In  the 
case  of  our  big  sagebrush  example,  the  presence 
of  sufficient  established  perennial  forbs  and 
grasses  in  the  understory  will  offer  severe 
competition  to  the  brush  seedlings  and  limit, 
but  not  eliminate,  the  dynamic  establishment  of 
the  brush  seedlings.   This  type  of  dynamics  is 
not  limited  to  the  response  of  big  sagebrush 
plants  to  applications  of  2,4-D.   The  same 
response  is  commonly  demonstrated  when  sagebrush 
communities  that  contain  root-  or 
crown-sprouting  shrubs  such  as  horsebrush 
(Tetradymia  canescens)  or  green  rabbitbrush 
(Chrysothamnus  viscidif lorus)  are  burned  in 
wildfires  or  prescribed  burns.   The  dominant 
sagebrush  does  not  sprout,  but  the  subdominant 
shrubs  sprout  and  for  a  transitory  period 
dominate  the  site,  not  by  the  sprouts 
themselves,  but  by  going  through  a  dynamic 
seedling  establishment  phase.   There  is  no  more 
clear  example  of  seed  production  dynamics  than 
the  one  provided  by  cheatgrass  after  a  wildfire. 
Because  of  consumption  of  cheatgrass  seeds  by 
the  fire,  the  density  of  plants  the  next  season 
is  often  reduced  by  99  percent  compared  with 
adjacent  unburned  stands.   However,  seed 
production  per  unit  of  area  may  increase  on  the 
burn  by  the  factor  of  100.   A  stand  of 
cheatgrass  with  only  one  plant  per  unit  of  area 
will  produce  100  times  as  many  seeds  as  100 
plants  in  the  same  unit  of  area  would  before  the 
fire.   Again  the  cheatgrass  plants  can 
compensate  with  increased  seed  production  from 
more  tillers  and  additional  florets  per  tiller 
almost  irrespective  of  the  population  density. 
In  practical  weed  control,  this  is  why  a  fallow 
treatment  for  cheatgrass  control  has  to  be  as 
nearly  completely  free  of  this  weedy  pest  as 
possible. 


Selective  Weed  Control 

Because  ecological  voids  do  not  persist  and 
partially  controlled  plant  populations  respond 
dynamically  and  return  to  or  exceed  original 
populations  densities,  it  becomes  highly 
desirable  to  select  and  control  weedy  plants  and 
leave  desirable  species  to  suppress  expressions 
of  population  dynamics. 

This  is  the  major  reason  for  using  herbicides 
rather  than  mechanical  methods  of  weed  control 
on  rangelands.   Mechanical  weed  control  methods 
such  as  the  use  of  chains  are  often  selective, 
but  the  selection  is  seldom  desirable  in  terms 
of  management  goals. 
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expressed  an  inherent  capability  for 
metabolizing  this  herbicide.   Some  populations 
of  some  species  of  weeds  may  contain  the  genetic 
potential  to  metabolize  atrazine,  but  sufficient 
selection  has  rarely  occurred  to  make  the 
resistant  forms  dominant  in  the  species. 

Unfortunately,  we  rarely  have  the  opportunity  to 
utilize  herbicides  that  are  truly 
physiologically  selective  on  rangelands. 
Selectivity  is  usually  based  on  broad 
differences  in  growth  form,  such  as  grass  versus 
broadleaf  or  differences  in  phenology. 

Phenological  selectivity  is  clearly  demonstrated 
in  the  application  of  2,4-D  to  remove  big 
sagebrush  plants  from  stands  of  bitterbrush 
(Purshia  tridentata) .   Big  sagebrush  plants 
initiate  growth  and  are  susceptible  to 
application  of  2,4-D  earlier  in  the  spring  than 
bitterbrush  plants.   When  timing  of  herbicide 
application  is  carefully  keyed  to  the 
phenological  display  of  the  two  species  and 
associated  vegetation,  selectivity  can  be 
obtained. 

Phenological  selectivity  is  a  two-edged  sword  in 
herbicidal  weed  control.   Often  land  managers 
must  pay  careful  attention  to  plant  phenology 
and  associated  environmental  parameters  to  avoid 
selectively  removing  one  weed  species  while 
leaving  and  thus  favoring  another  weed  species. 
The  classic  example  of  this  phenomenon  is  the 
failure  to  control  rabbitbrush  in  big  sagebrush 
stands  by  incorrectly  timing  the  application  of 
2,4-D.   Application  of  herbicide  should  be  timed 
primarily  to  control  rabbitbrush.   The  more 
susceptible  sagebrush  will  also  be  killed. 

These  physical  and  chemical  characteristics  of 
herbicides  can  be  used  to  obtain  a  form  of 
selective  weed  control.   For  example,  the 
perennial  wheatgrasses  are  susceptible  to  the 
herbicide  atrazine.   However,  atrazine  has  a 
very  low  solubility  in  water.   The  relatively 
shallow  rooted  seedlings  of  cheatgrass  can  be 
selectively  controlled  in  established  stands  of 
perennial  wheatgrass  because  atrazine  is  not 
leached  deeply  in  the  soil  before  it  is 
biodegraded  so  the  deeper  roots  of  the  perennial 
grasses  cannot  absorb  it.   This  is  a  relative 
type  of  selectivity  greatly  influenced  by 
factors  both  within  the  perennial  grasses  and  by 
post  herbicide  application  environment.   If  the 
perennial  grasses  have  been  unduly  suppressed  by 
competition  from  the  annual  species  and 
excessive  pressure,  their  roots  may  be  located 
at  very  shallow  depths  in  the  soil  and  the 
plants  may  have  limited  carbohydrate  reserves. 
Both  of  these  factors  decrease  the  selectivity 
of  the  atrazine  application.   In  addition, 
exceptionally  heavy  and  prolonged  precipitation 
may  result  in  abnormal  leaching  of  the  herbicide 
destroying  the  selectivity. 

A  fallow  treatment,  such  as  the  use  of  atrazine, 
to  control  cheatgrass  in  order  to  establish 
wheatgrass  seedlings  may  seem  to  be  a  broad 


scale  and,  therefore,  nonselective  form  of  weed 
control.   In  actuality,  the  fallow  process 
changes  the  physical  nature  of  the  seedbed  and 
limits  germination  of  cheatgrass  seeds.   It 
changes  the  characteristics  of  the  seedbed 
through  reduction  of  the  litter  accumulation  on 
the  soil  surface.   The  loss  of  litter  limits 
germination  of  seed  on  the  soil  surface  where 
most  cheatgrass  seeds  are  located.   This 
physical  control,  however,  does  not  inhibit  the 
germination  of  seed  of  broadleaf  species  such  as 
tumble  mustard  (Sisymbrium  altissimum)  and 
Russian  thistle  (Salsola  iberica).   During  the 
seedling  year  of  the  wheatgrass  plants  which 
follows  the  fallow  period,  tumble  mustard  and 
Russian  thistle  plants  may  compete  with  the 
wheatgrass  seedlings.   This  competition  can  then 
be  controlled  selectively  because  the  weed 
control  involves  the  removal  of  a  broadleaf  from 
a  seedling  stand  of  grass.   The  original  problem 
was  to  remove  annual  grass  competition  from  a 
seedling  stand  of  perennial  grass,  a  situation 
where  selectivity  is  virtually  impossible.   In 
this  instance,  manipulations  of  plant 
successions  make  selective  weed  control 
possible. 


Foliar  and  Soil  Active  Herbicides 

Many  of  our  commonly  used  herbicides  that 
control  big  sagebrush,  such  as  2,4-D,  are 
applied  as  broadcast  sprays.   The  droplets  of 
herbicide  in  solution  fall  on  the  leaves  of  the 
shrub  and  are  absorbed  to  be  translocated  in  the 
plant.   This  type  of  herbicide  is  termed  a 
foliar  active  material. 

Other  herbicides,  such  as  atrazine,  do  not  have 
a  great  deal  of  foliar  activity,  but  are  readily 
absorbed  by  roots.   Such  herbicides  are  termed 
soil  active.   Many  herbicides  have  both  foliar 
and  soil  activity.   Picloram 

(4-amino-3,5 ,6-trichloro-picolinic  acid)  is  a 
good  example  of  this  type  of  herbicide.   The 
relative  amount  of  soil  and  foliar  activity  is 
dependent  on  the  target  species  and  the  rate  and 
formulation  of  the  herbicide  being  used. 
Picloram  is  applied  as  a  potassium  salt  in  a 
solution  with  water  to  control  green 
rabbitbrush.   In  this  case,  it  is  a  foliar 
active  herbicide.   When  picloram  is  applied  to 
the  base  of  the  juniper  trees  as  a  10  percent 
a.i.  granule,  it  is  a  soil  active  herbicide. 

In  the  past,  herbicides  that  are  largely  soil 
active  have  been  misnamed  soil  sterilants 
because  some  of  them  have  been  used  to  denude 
areas  of  vegetation  for  extended  periods,  mainly 
in  industrial  weed  control  programs.   Soil 
active  herbicides  can  be  used  as  soil 
sterilants,  but  this  use  is  entirely  related  to 
the  rate  at  which  the  herbicide  is  applied. 
Soil  active  herbicides  used  to  bare  soil  in 
industrial  weed  control  usually  have  a  very 
broad  spectrum  of  weed  control  activity  against 
a  number  of  plant  species. 


The  application  of  foliar-applied  herbicides  is 
often  related  to  the  phenology  of  the  target 
species.   You  only  apply  the  foliar  active 
materials  when  conditions  are  correct  for 
absorption  and  translocation.   In  the 
sagebrush-grass  environment,  foliar  active 
herbicides  are  applied  during  the  active  growth 
period  in  late  spring.   The  activity  of 
soil-applied  herbicides  is  tied  to  their 
movement  into  the  soil  and  the  rooting  zone  of 
the  target  species.   On  rangelands  we  rarely 
mechanically  incorporate  herbicides  into  the 
soil.   Incorporation  is  dependent  on  moisture 
events  to  move  the  herbicide  into  the  rooting 
zone.   Therefore,  the  timing  of  application  of 
soil-active  herbicides  is  in  relation  to  the 
occurrence  of  moisture  events.   In  the 
sagebrush-grass  environment,  soil-active 
herbicides  are  applied  in  the  fall. 
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principles  and  practices.  New  York,  NY:  Wiley, 
Interscience  Publications,  John  Wiley  and 
Sons;  1975.  431  p. 
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and  its  effect  upon  production  and  utilization 
of  native  grass  species.  Weeds  4:  164-173; 
1956. 

Bovey,  R.  H.  Hormone-like  herbicides  in  weed 
control.  Econ.  Bot.  25:  385-400;  1971. 

Eckert,  R.  E. ,  Jr.  Renovation  of  sparse  stands 
of  crested  wheatgrass.  J.  Range  Manage.  32: 
332-376;  1979. 


Soil  active  herbicides  applied  for  the  control 
of  herbaceous  annuals  such  as  cheatgrass  are  not 
effective  on  dormant  seeds.   The  plant  must 
germinate,  exhaust  food  storage  in  the  seed,  and 
absorb  the  herbicide  through  the  roots  before 
the  soil-active  material  is  effective. 


Suppression  Versus  Eradication 

When  herbicides  first  became  available  for  use 
on  rangelands,  the  term  eradication  was  often 
used  in  reference  to  control  of  such  species  as 
big  sagebrush.   Experience  has  shown  that 
eradication  is  neither  biologically  possible  nor 
desirable.   Range  weed  control  treatments  are 
designed  to  give  a  temporary  shift  in  plant 
succession.   This  successional  shift  is  given  a 
time  duration  by  revegetation  and  grazing 
management.   You  can  control  big  sagebrush  with 
2,4-D,  but  the  treatment  has  a  limited  half-life 
unless  the  perennial  herbaceous  vegetation  is 
encouraged  and  maintained  through  grazing 
management.   You  can  control  cheatgrass  with 
atrazine,  but  the  shift  in  successional  status 
is  extremely  brief  unless  the  site  is 
revegetated  with  desirable  herbaceous 
perennials. 


Eckert,  R.  E. ,  Jr.;  Evans,  R.  A.  A  chemical 
fallow  technique  for  control  of  downy  brome 
and  establishment  of  perennial  grasses  on 
rangeland.  J.  Range  Manage.  20:  35-41;  1967. 

Evans,  R.  A.  Effects  of  different  densities  of 
downy  brome  (Bromus  tectorum)  on  growth  and 
survival  of  crested  wheatgrass  (Agropyron 
desertorum)  in  the  greenhouse.  Weeds  9: 
216-223;  1961. 

Evans,  R.  A.;  Eckert,  R.  E. ,  Jr.;  Kay,  B.  L. 
Wheatgrass  establishment  with  paraquat  and 
tillage  on  downy  brome  ranges.  Weed  Sci.  15: 
50-55;  1967. 

Evans,  R.  A.;  Young,  J.  A.  Plant  litter  and 
establishment  of  alien  species  in  rangeland 
communities.  Weed  Sci.  18:  697-703;  1970. 

Evans,  R.  A.;  Young,  J.  A.  Aerial  applications 
of  2,4-D  plus  picloram  for  green  rabbitbrush 
control.  J.  Range  Manage.  28:  315-318;  1975. 

Evans,  R.  A.;  Young,  J.  A.  Effectiveness  of 
rehabilitation  practices  following  wildfires 
in  a  degraded  big  sagebrush-downy  brome 
community.  J.  Range  Manage.  31:  185-188;  1978. 


Once  the  desirable  perennial  dominated 
herbaceous  species  gain  a  position  of  dominance 
in  a  rangeland  community,  they  will  suppress  the 
expression  of  seedlings  of  perennial  shrubs  or 
annual  grasses,  but  they  will  not  eliminate 
these  life  forms  from  the  community. 
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PLANTING  LIMITATIONS  FOR  ARID,  SEMIARID, 
AND  SALT-DESERT  SHRUBLANDS 
Gilbert  L.  Jordan 


ABSTRACT:   A  major  limitation  in  revegetation  of 
semiarid  rangelands  is  the  ability  to  identify 
temperature  and  precipitation  values  which  limit 
successful  range  seedings.   This  identification 
process  is  difficult  because  of  non-uniform 
descriptors  of  arid  lands  and  climates  or  absence 
of  suitable  data.   However,  empirical  values 
which  identify  arid  zones,  or  inadequate  precipi- 
tation for  successful  seedings,  can  be  obtained 
through  Koppen's  classification  of  dry  climates 
based  on  annual  temperatures  and  seasonal  distri- 
bution of  rainfall.   The  use  of  this  classifica- 
tion in  developing  guides  for  seeding  semiarid 
zones  is  illustrated.   The  relation  of  these 
guides  to  soil  texture,  germination  rates,  drought 
tolerance,  and  seedling  vigor  is  briefly  discussed. 


INTRODUCTION 

Revegetation  of  dry  range  sites  is  a  difficult 
task  on  western  rangelands.   Almost  immediately 
one  is  faced  with  the  decision  of  whether  the 
site  is  too  arid  or  of  borderline  acceptance. 
However,  the  distinguishing  factors  between  the 
two  conditions  are  not  clearly  defined.   The  pri- 
mary objective  in  the  following  discussion  is  to 
develop  guidelines  to  characterize  arid,  semiarid 
and  salt-desert  shrub  sites  in  relation  to  their 
potential  for  successful  range  seedings. 

The  first  guide  provides  a  basis  for  rejecting 
sites  that  a-re  too  arid,  followed  by  guides 
limiting  seeding  on  sites  that  otherwise  appear 
favorable.   The  first  fundamental  element  in 
developing  these  guides  is  moisture — how  much  and 
when  is  it  needed?   The  second  element  is  tempera- 
ture which  affects  precipitation  efficiency  and 
plant  growth  rates.   The  third  element  is  the 
correlation  of  moisture  and  temperature  with  the 
requirements  for  germination,  the  most  critical 
phase  in  seedling  establishment  in  dry  climates. 


CORRELATION  OF  CLIMATIC  AND  BIOTIC  FACTORS 

In  defining  climatic  limitations  for  seeding  of 
various  range  sites,  terms  or  classifications 
should  integrate  the  physical  processes  of  preci- 
pitation, evaporation,  temperature  and  other 
factors  with  plant  responses;  recognizing  that 
changes  in  rate  of  physical  processes  do  not  al- 
ways elicit  parallel  or  linear  rates  of  change  in 


affected  biological  processes.   To  illustrate:   it 
might  be  reasoned  that  the  vapor  pressure  of  water 
at  various  temperatures  can  be  used  to  predict  the 
potential  evaporation  and  consequent  water  require- 
ments of  plants  (fig.  1).   Within  the  range  of 
temperatures  for  plant  growth  from  approximately 
40°  to  80°F  (4  to  27°C)  there  is  over  a  four-fold 
increase  in  vapor  pressure,  indicating  a  four- 
fold increase  in  evaporative  potential  or  water 
requirement.   These  temperatures  could  be  repre- 
sentative of  a  cool-season  seeding  and  a  warm- 
season  seeding,  respectively.   While  it  might 
appear  that  the  warm-season  site  would  require 
four  times  more  precipitation  to  be  as  effective 
as  the  cool-season  site,  this  is  not  the  case.   My 
experience  indicates  that  precipitation  requirements 
would  be  about  double  the  cool-season  requirements. 
The  rate  of  evaporation  is  much  higher  in  the 
warm-season  site,  but  species  adapted  to  the  warm- 
season  site  will  usually  germinate  at  higher  rates 
and  have  higher  growth  rates.   The  cause  and 
effect  and  direction  of  change  is  obvious  but  the 
magnitude  is  variable,  depending  on  the  species 
of  plant. 
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Gilbert  L.  Jordan  is  a  Range  Management  Professor 
at  the  School  of  Renewable  Natural  Resources, 
University  of  Arizona,  Tucson,  Ariz. 


Figure  1. — The  relation  of  equilibrium  vapor 
pressure  of  water  over  a  selected  temperature 
range  (Weast  and  Selby,  1967). 


Data  from  physical  and  biological  processes,  aris- 
ing from  observation  and  experiments,  are  often 
used  to  conceptually  integrate  physical  and  biotic 
factors.   Moisture  availability  for  germination 
in  arid  to  semiarid  regions  is  typically  of  short 
duration.   In  fact,  the  difference  between  a 
range  seeding  success  or  failure  under  hot  desert 
temperatures  may  depend  on  a  critical  period  of 
less  than  24  hours  of  available  soil  moisture  for 
that  particular  year.   A  typical  relationship 
between  field  moisture  conditions  and  germination 
response  in  a  range  seeding  is  illustrated  in 
fig.  2.   This  illustrates  that  the  rate  of  germ- 
ination is  of  much  greater  importance  than  the 
total  germination  percentage  in  determining  which 
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species  may  be  functional  within  a  selected  prob- 
ability of  having  sufficient  moisture.   Fortunate- 
ly, germination  rates,  the  time  to  50  percent  germ- 
ination, can  be  determined  with  a  high  degree  of 
precision  for  most  ecotypes.   The  probability  of 
receiving  moisture  cannot  be  determined  as  readily 
because  the  variability  of  precipitation  is  prob- 
ably the  most  consistent  feature  of  dry  range 
regions. 


TIME:   HOURS    TO  WEEKS 

Figure  2. — Only  the  most  rapidly  germinating  seeds 
contribute  to  successful  range  seedings  under 
typical  limited  moisture  patterns  of  rangelands. 
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There  is  also  a  wide  latitude  in  the  meaning  of 
terms  used  to  describe  various  range  sites  or 
types.   The  terms  arid,  semiarid,  desert,  steppe, 
semi-desert,  salt-desert  shrubs,  or  dry  versus 
humid  climates  have  been  used  by  climatologists, 
ecologists,  geographers,  range  managers  and  others 
with  no  degree  of  uniformity  (McGinnies  1968). 
The  borderline  between  dry  and  humid  climates  has 
been  defined  as  that  point  where  precipitation  is 
just  adequate  to  meet  the  demands  of  evapotrans- 
piration — truly  a  lush  range  site.   Some  define 
deserts  as  areas  receiving  10  inches  (25  cm)  or 
less  of  annual  precipitation.   The  Antarctic  thus 
qualifies  as  a  desert.   An  extreme  desert  has 
been  defined  as  one  in  which  no  measurable  preci- 
pitation has  been  recorded  in  a  12-month  period. 
Thus,  terms  such  as  "dry  climates"  or  "deserts" 
or  "arid"  are  not  sufficiently  descriptive  to 
guide  us  in  seeding  of  western  rangelands.   There 


are  over  two  dozen  different  indexes  of  aridity 
presented  in  the  literature;  none  are  universally 
anplicable  as  range  site  descriptors.  Most  are 
too  general  for  specific  range  sites  or  require 
data  or  sophisticated  instruments  which  are  not 
available  (Reitan  and  Green  1968). 

To  clarify  the  terms  arid  and  semiarid  in  regard 
to  range  seeding,  the  classification  of  arid/semi- 
arid  sites  needs  clarification  with  respect  to 
temperature.   The  four  American  deserts — Chihuahuan, 
Sonoran,  Mohave,  and  Great  Basin — are  classified 
as  hot  and  cold  deserts  and  each  has  arid  and  semi- 
arid  regions  with  characteristic  precipitation 
patterns.   Hot  deserts  are  those  having  an  average 
annual  temperature  of  65°F  (18°C)  or  above 
(Trewartha  1957).   Warm  deserts  would  be  under 
65°F.   Cool  deserts  have  at  least  one  month  averag- 
ing below  freezing,  generally  indicated  by  average 
annual  temperatures  below  52°F  (11°C)  Espenshade 
and  Morrison  1974) .   These  values  provide  approxi- 
mations for  selecting  between  warm  and  cool-season 
species.   They  are  approximations  even  though 
limiting  values  have  been  given.   In  reality,  it 
is  similar  to  defining  the  precise  boundary  between 
night  and  day. 

Range  seeding  studies  in  Arizona  indicate  areas 
having  an  average  annual  temperature  above  65°F 
should  not  be  recommended  for  seeding  because 
they  are  too  arid  (Jordan  1981).   The  relation- 
ship is  partly  due  to  the  fact  that  high  tempera- 
tures tend  to  be  correlated  with  low  precipitation. 
Warm-season  species  are  recommended  for  warm 
deserts  because  they  do  not  germinate  well  in  cool- 
season  seedings.   Generally,  average  annual  tem- 
peratures should  be  55°F  (13°C)   or  more  before 
warm-season  species  can  be  considered  for  possible 
spring  or  summer  seedings  if  precipitation  is 
adequate.   Conversely,  cool-season  species  will 
not  endure  high  summer  temperatures.   The  seeding 
of  cool-season  species  is  recommended  for  those 
areas  having  average  annual  temperatures  below 
55°F  where  the  season  of  seeding  is  in  the  fall. 
When  seedings  were  attempted  on  semiarid  sites 
having  average  annual  temperatures  approaching 
45°F  (7°C) ,   low  temperatures  often  were  limiting 
even  though  moisture  was  present.   I  have  recom- 
mended that  hot  deserts  are  above  65°F,  warm 
between  55°F  and  65°F,  cool  between  45°F  and 
55°F,  and  cold  below  45°F  (Jordan  1981). 


RANGE  SEEDING  POTENTIAL  AND  KOPPEN'S  CLIMATIC 
MODEL 

A  classification  that  appears  valuable  for  range 
reseeding  in  the  western  U.S.  is  the  one  based  on 
Koppen's  classification  of  dry  climates,  appar- 
ently developed  from  empirical  relationships  for 
general  climatic  zones  based  on  average  annual 
temperature  (AAT)  and  seasonal  rainfall  distri- 
bution.  Although  it  has  been  used  for  general 
climatic  mapping,  it  is  not  known  to  have  been 
applied  to  specific  range  sites.   This  classifi- 
cation is  presented  as  a  working  model  to  set  the 
lower  arid  limit  for  the  seeding  of  western  range- 
lands.   This  model,  depicted  in  fig.  3,  was 
derived  from  Trewartha' s  selected  empirical  re- 
lationships between  temperature  and  precipitation 
(Trewartha  1957).   For  example,  the  boundary 
between  humid  and  semiarid  zones,  where  the  rain- 
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fall  is  not  strongly  seasonal,  is  determined  from 
equation  R  =  0.44T  -  8.6  where  R  is  inches   of 
annual  rainfall,  T  is  annual  temperature  in  de- 
grees F,  and  8.6  is  a  factor  used  to  adjust  for 
seasonality  of  precipitation.   The  boundary  be- 
tween arid  and  semiarid  is  one-half  the  humid/ 
semiarid  boundary.   Thus,  the  boundary  between 
humid  and  semiarid  at  60°F  (16°C)  is  18  inches 
(46  cm) ,  and  between  semiarid  and  arid  it  is  9  cm) 
inches  (23  cm) .   This  boundary  will  shift  depend- 
ing on  whether  precipitation  occurs  mainly  in 
summer  or  winter,  and  the  following  seasonality 
factors  may  be  used  to  adjust  this  boundary: 
(Adapted  from  Trewartha  1977) 


Percent  summer 
percipitation 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Seasonality 
factor 


1 
2 
.3 

,4 
,5 
8.6 
9.7 
10.8 
11.9 
13.0 
14.1 


u-  80 

i  lunt    nr  r>RY  n  imatf   rft.ions 

UJ 

IT 

2  70 

A 

tr 

UJ 

c 
s 
w  60 

/ 

/ 

<5 

z  50 

ARID            /       SEMI-ARID 

/ 

HI 

MID 

z 
< 

UJ 

^40 

tr 

> 

< 
30 

/   A 

i 

3  6  9  12  15  l'8         21  24 

AVERAGE    ANNUAL    PRECIPITATION,  inches 


Figure  3. — A  division  of  dry  climates  based  on 
average  annual  temperatures  and  precipitation. 
Divisions  shown  are  applicable  only  where  amounts 
of  winter  and  summer  precipitation  are  similar. 


In  dry  regions  of  the  world  other  than  western 
U.S.,  other  factors  or  climatic  classifications 
might  be  necessary  to  account  for  the  relative 
importance  of  summer  or  winter  precipitation  in 
relation  to  the  effective  period  of  growth.  For 
general  comparative  purposes,  it  is  suggested 
that  months  having  average  temperatures  above  the 
annual  mean  be  considered  summer  months  for  cal- 
culation of  summer  precipitation.   The  obverse 
would  be  used  for  winter  precipitation.   The 
range  between  the  extremes  of  precipitation  or 
temperature  may  be  considered  in  conjunction  with 
seasonal  distributions  (Lustig  1968) .   For  west- 
ern rangelands,  the  arid  zone  boundary  derived 
from  the  model  can  be  related  to  the  relative 
success  of  range  seedings. 


APPLICATION  OF  MODEL  TO  WESTERN  RANGE  SITES 

Arizona  seeding  studies  indicated  limitations 
with  respect  to  using  average  annual  precipitation. 
While  average  annual  precipitation  values  are  often 
used  to  characterize  range  sites,  they  were  not 
adequate  to  describe  the  reseeding  potential  of  a 
site.   It  was  not  until  seasonality  of  precipita- 
tion, the  arid/semiarid  boundary,  and  the  average 
annual  temperature  were  considered  that  predictive 
values  of  potential  could  be  estimated.   This  can 
be  illustrated  from  reseeding  studies  conducted  at 
Wickenburg  and  Bowie,  Arizona.   Wickenburg  has  an 
AAT  of  65°F  (18°C)  and  average  annual  precipita- 
tion (AAP)  of  10.7  inches  (27.2  cm),  of  which  4.3 
inches  (10.9  cm)  are  received  during  the  growing 
period  of  July,  August,  and  September.   AAT  re- 
stricts seedings  to  warm-season  species.   With 
the  seasonality  factor  (see  above)  of  7.5  (40 
percent  summer  precipitation) ,  the  arid/semiarid 
boundary  is  10.5  inches  (26.7  cm).   Bowie  has  an 
AAT  of  64°F  (18°C)  and  an  AAP  of  9.9  inches 
(26.7  cm),  of  which  55  percent  or  5.4  inches 
(13.7  cm)  is  received  during  the  same  growing  per- 
iod.  The  arid/semiarid  boundary,  based  on  a  sea- 
sonality factor  of  9.2,  for  Bowie  is  9.5.   Both 
the  Wickenburg  and  Bowie  sites  have  precipitation 
values  for  their  arid/semiarid  boundaries  almost 
equal  to  their  AAP  (fig.  4).   Both  sites  have 
similar  loam  soils.   Successful  seedings  cannot 
be  made  at  Wickenburg.   On  sand-dune  mesquite 
sites  at  Bowie,  seedings  can  be  successfully 
established  from  50  to  75  percent  of  the  time 
even  though  Bowie  has  a  lower  AAP. 
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The  arid/semiarid  zone  boundary  was  thus  indicated 
as  a  value  for  rejecting  arid  sites  for  seeding. 
Furthermore,  as  a  guide  for  semiarid  sites  in 
warm  deserts,  there  must  be  a  minimum  of  5  to  6 
inches  (12.7  to  15.2  e.m)  of  summer  precipitation 
before  seedings  are  contemplated.   Evaluations 
of  numerous  seeding  studies  in  Arizona  were  used 
in  developing  this  guide.   In  all  instances,  sites 
which  were  classified  as  arid  were  not  suitable. 

With  respect  to  the  cool  Great  Basin  Desert,  win- 
ter temperatures  also  must  be  considered  in  con- 
junction with  precipitation  efficiency  (fig.  5). 
For  example,  Fredonia,  Arizona  has  a  9.4-inch 
(23.9  cm)  AAP  and  an  AAT  of  52°F  (11  C)  giving  an 
arid/semiarid  zone  boundary  of  7.4  inches  (18.8  cm 
Cool-season  species  are  indicated.   Summer  precip- 
itation is  2.5  inches  (6.4  cm)  during  July,  August, 
and  September  and  winter  precipitation  is  3.6 
inches  (9.1  cm)  during  November,  December,  January, 
and  February.   From  3  to  4  inches  (7.6  to  10.2  cm) 
of  effective  moisture  was  generally  necessary 
through  the  winter  season  to  promote  adequate 
germination  and  seedling  growth  from  fall  seed- 
ings at  Fredonia.   Research  at  Fredonia  indicated 
when  average  monthly  temperatures  fall  below  32°F 
(0°C)  that  germination  has  ceased  or  is  extremely 
slow.   Soil  moisture  can  be  lost  through  evapo- 
ration while  germination  is  curtailed.   Deep  soil 
moisture  remains  effective  for  root  growth  under 
favorable  temperatures.   Late  spring  or  summer 
seedings  in  the  Fredonia  area  are  not  successful 
unless  they  are  followed  by  4  to  5  inches  (10.2 
to  12.7  cm)  of  precipitation.   Fredonia  is  semi- 
arid  and  marginally  suited  for  seeding  due  to  the 
amount  and  seasonal  distribution  of  precipitation. 
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Other  examples  can  be  used  to  illustrate  the  use 
of  average  annual  temperature  and  precipitation 
values  to  guide  range  seedings.   Vale,  Oregon  is 
the  general  site  of  extensive  fall  seedings.   It 
has  an  AAP  of  9.4  inches  (23.9  cm)  and  an  AAT  of 
51°F  (10.6°C).   The  arid/semiarid  boundary  is 
7.1  inches  (18.0  cm),  which  indicates  Vale  is  semi- 
arid,  having  the  potential  for  seeding  of  cool- 
season  species.   Evaluation  of  the  monthly  pre- 
cipitation shows  a  major  winter  precipitation 
distribution  of  4.25  inches  (10.8  cm),  during  which] 
January  averages  below  freezing.   Subtracting  the 
1.25  inches  (3.2  cm)  of  precipitation  for  January 
leaves  3  inches  (7.6  cm)  for  germination  and  seed- 
ing establishment.   This  conforms  to  the  limits 
of  3  to  4  inches  (7.6  to  10.2  cm)  required  for  fall 
seedings.   Another  peak  precipitation  period  during 
May  is  particularly  favorable  for  subsequent  growth 
but  not  adequate  to  support  a  late  spring  seeding. 

Elko,  Nevada  has  an  AAP  of  9.7  inches  (24.6  cm) 
and  an  AAT  of  45°F  (7.2°C).   Calculations  from 
this  temperature  would  place  the  arid/semiarid 
boundary  at  5.8  inches  (14.7  cm),  and  thus  Elko 
should  be  suitable  for  seeding.   However  inspection 
of  seasonal  distribution  of  precipitation  and  tem- 
perature indicates  at  least  3  months  average 
below  freezing  until  March  1st,  which  precludes 
the  use  of  3.0  inches  (7.6  cm)  of  winter  precipi- 
tation as  effective  precipitation  for  germination. 
Fall  seedings  would  be  indicated  with  germination 
and  seedling  establishment  occurring  from  March 
through  June.   During  this  time  the  temperature 
averages  47°F  (8°C)  and  effective  precipitation 
would  be  about  3.5  inches  (8.9  cm),  which  falls 
above  our  predicted  limits  for  seeding  cool-season 
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Figure  5. — Monthly  values  for  precipitation  and  temperature  for  selected  sites  in  cool-desert  areas. 
The  boundary  for  freezing  is  shown  for  reference. 
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species.   The  low  AAT,  however,  indicates  this 
area  might  be  borderline  because  low  temperatures 
would  be  responsible  for  seeding  failures  in  some 
years. 

Finally,  Canyon  de  Chelly,  Arizona  can  be  used  to 
illustrate  some  additional  limitations  to  seeding. 
Canyon  de  Chelly  has  an  AAP  of  9.3  inches  (23.6  cm) 
an  AAT  of  53°F  (12°C)  and  a  calculated  arid/semi- 
arid  boundary  of  7.6  inches  (19.3  cm).   The  AAT 
indicates  cool-season  species  should  be  planted, 
but  the  winter  precipitation  of  2.26  inches 
(5.7  cm)  is  below  the  required  3  to  4  inches 
(7.6  to  10.2  cm).   Also,  the  3.8  inches  (9.7  cm 
of  summer  precipitation  is  below  the  required  4 
to  5  inches  (10.2  to  12.7  cm).   While  the  arid/ 
semiarid  boundary  value  of  7.6  inches  (19.3  cm) 
is  below  the  AAP  of  9.3  (23.6  cm),  this  site  is 
too  arid  to  seed.   Inspection  of  monthly  temper- 
ature and  precipitation  shows  an  almost  uniform 
distribution  of  precipitation  throughout  the  year. 
Thus,  for  seeding  success  it  is  better  for  pre- 
cipitation to  occur  seasonally  rather  than  be 
distributed  uniformly.   There  is  much  greater 
loss  by  evaporation  from  small,  uniformly  dis- 
tributed storms  rather  than  from  larger  storms. 
For  germination  in  the  warm  desert  areas,  singu- 
lar summer  storms  delivering  less  than  0.6  to 
0.7  inches  (1.5  to  1.8  cm)  precipitation  are  of 
little  or  no  value.   It  is  only  after  roots  are 
developed  that  moisture  from  smaller  storms  can 
be  utilized.   In  contrast,  storms  delivering  from 
0.3  to  0.5  inches  (0.8  to  1.3  cm)  of  precipitation 
during  the  winter  are  effective  during  the  germi- 
nation period  of  fall-seeded,  cool-season  species. 
In  recapitulation,  no  seedings  should  be  made  in 
arid  zones  as  defined  by  Koppen.   Seedings  in 
semiarid  zones  can  be  made  if  limitations  of 
amount  and  distribution  of  precipitation  and 
temperature  are  observed. 


RELATION  OF  MODEL  TO  EDAPHIC  FACTORS 

Soil  conditions  also  need  to  be  considered  with 
respect  to  precipitation  effectiveness.   Only  an 
over-simplified  discussion  will  be  given  at  this 
time.   Starting  with  sandy  soils,  there  is  rapid 
water  penetration,  but  a  low  water  holding  capa- 
city of  about  13  percent.   Next  are  the  loam  soils 
in  which  water  penetration  is  slower  but  still 
very  good.   Water  holding  capacity  is  good  with 
field  capacities  up  to  about  30  percent.   Total 
available  water  is  highest  in  this  soil  type.   The 
moderately  fine  and  fine  textured  soils,  such  as 
silty  clay  loams  and  other  clay  soils,  have  lower 
infiltration  rates,  attain  field  capacity  at  about 
35  percent,  but  they  do  not  have  more  total  avail- 
able water  than  the  medium  textured  loams.   The 
most  desirable  soils  for  reseeding  are  generally 
the  medium  textured  soils  due  to  their  good  intake 
rates,  good  water  holding  capacity,  and  good  aera- 
tion. 

Medium- textured  soils  are  implied  when  the  limits 
for  precipitation  following  seeding  are  given, 
i.e.,  3  to  4  inches  (7.6  to  10.2  cm)  for  fall 
seeding  in  the  cool  desert,  4  to  5  inches  (10.2 
to  12.7  cm)  for  spring-summer  seedings  in  cool 
deserts,  and  5  to  6  inches-  (12.7  to  15.2  cm)  for 
spring-summer  seedings  in  warm  desert  areas.   If 


the  soils  are  clay  loam,  silty  clay  loams  or  finer 
textured,  precipitation  should  be  20  percent  higher 
than  the  above  limits  to  allow  for  (1)  poorer  in- 
filtration rates  and  (2)  probable  greater  total 
loss  from  evaporation.   Similar  allowances  must  be 
made  for  the  salt-desert  shrub  types  because  of 
their  often  finer-textured  soils.   Because  of 
their  topographic  position  and/or  source  of  parent 
material,  these  sites  can  be  either  or  both  saline 
or  alkaline.   Due  to  the  physiological  imbalance 
imposed  on  plant  growth  by  these  sites,  drought 
effects  are  intensified.   Salinity  promotes  physio- 
logical drought  and  the  resulting  dispersed  soils 
physically  increase  drought  through  poor  water 
penetration.   These  sites  are  named  from  the  char- 
acteristic vegetation  frequently  associated  with 
them.   In  general,  these  plants  are  members  of 
the  goosefoot  family,  consisting  of  such  species 
as  black  greasewood,  saltbushes,  kochias,  winter- 
fat,  and  shadscale.   The  presence  of  these  species 
frequently  indicates  saline  or  alkaline  soils,  or 
at  least  areas  more  arid  than  the  sagebrush  range- 
lands. 


INDICATOR  SPECIES  AS  SUPPLEMENTAL  GUIDES 

The  characteristic  association  of  certain  species 
with  certain  soils  and/or  climatic  conditions  has 
given  us  the  term  indicator  species.   As  has  been 
illustrated,  an  exact  combination  of  precipitation 
and  temperature  conditions  cannot  be  specified  for 
determining  the  limits  for  reseeding  because  we  do 
not  know  all  the  limitations  of  the  species  we  are 
trying  to  seed.   However,  through  experience  we 
have  learned  that  the  presence  and  vigor  of  cer- 
tain species  can  be  associated  with  the  success  or 
failure  of  a  range  seeding.   Indicator  species  can 
complement  the  guides  previously  presented.   For 
example,  the  association  of  sand-dune  mesquite  and 
soap-tree  yucca  in  southeastern  Arizona  indicates 
a  poor  to  fair  site  for  seeding.   In  the  same  area, 
creosotebush  indicates  unsuitable  sites.   Velvet 
mesquite  sites  are  generally  suitable,  but  foothill 
palo  verde  sites  are  not.   Big  sagebrush  sites 
having  large  thrifty  plants  are  generally  suitable, 
but  blackbrush  sites  occurring  at  the  southern 
limits  of  big  sagebrush  are  not  suitable.   The 
presence  of  Joshua  trees  indicates  influences  of 
the  Mohave  Desert  and  an  unfavorable  site  for  re- 
seeding.  There  are  numerous  other  examples  that 
could  be  cited  for  broad  general  areas  and  for 
small  specific  sites.   It  should  be  remembered 
that  indicator  species  are  approximate  guides  and 
will  not  be  accurate  in  all  cases.   But,  as 
initially  indicated  by  Plummer  and  others  (1968) 
and  as  illustrated  by  the  foregoing  discussion, 
the  nature  of  the  precipitation  in  conjunction 
with  seasonal  temperatures  and  the  presence  of  an 
indicator  species  are  important  guides  as  to  which 
species  and  sites  might  be  successfully  seeded. 


RANGE  SEEDING  POTENTIAL  AND  BIOTIC  FACTORS 

In  correlating  plant  responses  with  climatic  and 
edaphic  parameters,  certain  plant  characteristics 
become  paramount.   In  the  selection  of  species  for 
seeding  arid,  semiarid  and  salt-desert  sites,  it 
seems  redundant  to  state,  "Select  only  the  most 
drought  resistant  species."   However,  this  is  the 
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first  and  most  fundamental  criteria  to  start  with, 
but  drought  tolerance  in  one  area  does  not  always 
mean  drought  tolerance  in  another.   Crested  wheat- 
grass  has  been  a  persistant  species  on  thousands 
of  acres  in  the  Great  Basin  Desert.   When  seeded 
under  similar  precipitation  and  temperature  limits 
on  the  Arizona  Strip,  it  does  not  persist.   It  is 
believed  for  crested  wheatgrass  that  moisture  and 
temperature  conditions  on  the  more  arid  sites  of 
the  Strip  are  unfavorable  during  flowering.   Flow- 
ering readily  occurs  but  seed  is  not  set,  presum- 
ably because  of  blasting  of  the  pollen.   Thus,  the 
stand  cannot  regenerate  itself  and  rodents  even- 
tually remove  most  of  the  original  plants.   Resis- 
tance to  drought  must  be  considered  throughout  the 
phenology  of  the  plant. 

Over  the  short  term,  a  false  sense  of  achievement 
can  be  attained  when  an  excellent  stand  of  grass 
is  established  on  certain  semiarid  range  sites. 
Lehmann  lovegrass  was  established  in  the  San  Simon 
Valley  in  southeastern  Arizona,  creating  a  beauti- 
ful stand  of  grass  for  several  years.   Over  a  12- 
year  period,  the  stand  declined  to  nothing  on  cer- 
tain sites.   It  was  suspected  that  a  series  of 
dry  winters  in  conjunction  with  the  shallow  root 
system  of  Lehmann  lovegrass  diminished  the  stand. 
Hence,  drought  tolerance  is  not  a  simple  criteria 
to  measure;  it  cannot  be  extrapolated  without 
caution  from  one  area  to  another,  and  it  might 
take  years  to  verify. 

A  second  criteria  for  selecting  species  for  semi- 
arid  or  salt-desert  shrub  sites  is  rate  of  germi- 
nation.  This  criteria,  alluded  to  earlier  in  this 
discussion,  is  emphasized  here  as  being  a  factor 
over  which  we  can  exercise  some  control.   Charac- 
teristically, there  might  not  be  more  than  3  to  7 
days  out  of  the  entire  year  when  both  temperature 
and  moisture  are  favorable  for  germination.   Under 
these  conditions,  only  species  having  high  rates 
of  germination  can  be  established,  and  it  can  be 
noted  that  almost  all  the  common  species  used  in 
revegetation  have  high  germination  rates.   This 
is  due  to  the  limitations  of  time  and  money  avail- 
able and  the  constant  requirement  that  seedings 
be  moderately  to  highly  successful.   Not  all  in- 
digenous species  have  high  germination  rates  which 
may  not  necessarily  be  required  or  advantageous 
from  an  ecological  standpoint. 

A  third  criteria  for  selecting  species  for  semi- 
arid  sites  is  the  poorly-defined  factor  of  seed- 
ling drought  tolerance  and  seedling  vigor.   An 
excellent  forage  grass  for  seeding  semiarid,  cool 
desert  sites  is  Russian  wildrye,  but  its  seedling 
vigor  is  relatively  low.   Thus,  its  use  is  re- 
stricted.  In  contrast,  crested  wheatgrass  has 
high  seedling  vigor  and  seedling  drought  tolerance. 
Sideoats  grama  has  a  very  high  germination  rate, 
but  it  is  not  easily  established  except  in  years 
of  above-normal  rainfall.   Apparently  the  seedling 
is  drought  sensitive.   After  the  seedling  stage, 
Russian  wildrye  is  highly  drought  tolerant,  and 
sideoats  grama  is  moderately  drought  tolerant. 
It  is  interesting  to  note  that  many  of  the  shrubs, 
whether  weedy  or  desirable,  are  not  as  cold  or 
drought  tolerant  in  the  seedling  stage  as  are  the 
drought  tolerant  grasses. 


Thus  far  I  have  refrained  from  recommending  any 
particular  plants  for  seeding  semiarid,  or  salt- 
desert  shrub  sites.   The  emphasis  has  been  on 
criteria  for  rejecting  sites  too  arid  to  seed  and 
for  evaluating  semiarid  sites  that  are  borderline. 
The  reseeding  of  these  sites  might  be  governed  by 
how  much  time  and  money  is  available  to  put  out 
at  a  certain  risk  level.   Having  decided  to  take 
the  risks,  the  species  available  are  not  unique 
but  are  those  proven  to  be  responsive  for  seeding 
on  semiarid  sites.   There  are  essentially  no 
plants  for  seeding  on  arid  sites. 
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FIRE  AS  A  VEGETATION  MANAGEMENT  TOOL 

IN  RANGELANDS  OF  THE  INTERMOUNTAIN  REGION 

Richard  P.  Young 


ABSTRACT:   Fire  has  been  an  important  factor  in 
the  evolution  and  development  of  many  range  eco- 
systems.  Today,  prescribed  burning  is  recognized 
as  a  tool  useful  for  manipulating  vegetation, 
often  accomplishing  several  management  objectives 
simultaneously.   Successful  use  of  prescribed 
burning  is  based  on  an  understanding  of  the  eco- 
logical effects  of  fire,  fire-weather-fuels 
interactions,  and  proper  management  of  areas 
treated  with  fire.   These  topics  are  discussed 
with  respect  to  using  fire  as  a  management  tool 
in  the  sagebrush  and  pinyon- juniper  zones  of  the 
Intermountain  region. 


INTRODUCTION 

The  sagebrush  and  pinyon-juniper  zones  occupy 
several  hundred  thousand  acres  within  the  Inter- 
mountain region  of  the  Western  United  States. 
These  ecosystems  hold  vast  potential  for  manipu- 
lation through  the  controlled  use  of  fire. 
Historically,  fire  has  played  an  important  role  in 
sagebrush  and  pinyon-juniper  rangelands.   These 
communities  have  evolved  under  the  influence  of 
periodic  burning.   Prior  to  westward  emmigration 
by  white  man,  fires  were  started  by  lightning  and 
were  purposefully  and  accidentally  set  by  Indians. 
Fire  burned  sagebrush-grasslands  at  intervals  of 
32  to  70  years  (Houston  1973)  to  as  often  as  7  to 
17  years  (Martin  and  Johnson  1979) .   Pinyon-juniper 
communities  had  fire  frequencies  of  10  to  30  years 
(Leopold  1924;  Burkhardt  and  Tisdale  1976),  prob- 
ably restricting  these  trees  to  shallow,  rocky 
soils  and  rough  topography. 

Much  of  the  current  appeal  of  prescribed  burning 
derives  from  the  view  of  fire  as  a  natural  component 
of  range  ecosystems.   Additionally,  interest  has 
been  stimulated  by  concern  over  the  large  scale 
application  of  herbicides  and  their  effect  on 
nontarget  species,  and  the  high  costs  of  mechan- 
ical treatments  in  range  improvement  projects. 
As  a  result,  the  use  of  controlled  burning  has 
increased  dramatically  in  recent  years  and  is  now 
recognized  as  a  valuable  means  of  managing  vege- 
tation of  the  sagebrush  and  pinyon-juniper  zones. 

Common  and  scientific  names  of  plant  species 
considered  herein  are  listed  at  the  end  of  this 
paper  in  the  section  entitled  "Plant  Species 
Names. " 


USES  OF  FIRE 

Some  current  applications  of  prescribed  burning  in 
sagebrush  and  pinyon-juniper  communities  include: 

1.  Reduction  of  woody  species  competition. 
The  primary  use  of  prescribed  burning  in  these 
communities  is  to  reduce  cover  of  the  woody  dom- 
inants— sagebrush,  pinyon,  and  juniper.   (Wright 
and  others  1979;  Blaisdell  and  others  1982). 
Multiple  benefits  are  often  obtained  by  this 
treatment.   Increased  production,  nutrient  quality, 
and  palatability  of  herbaceous  plants  are  observed 
after  a  burn.   Fire  increases  production  and  avail- 
ability of  sprouting  browse  species.   Additionally, 
fire  breaks  up  large  tracts  of  sagebrush  and 
pinyon-juniper  dominated  landscapes.   This  results 
in  greater  habitat  diversity  by  establishing  a 
mosaic  of  vegetation  types.   Therefore,  both 
domestic  livestock  and  wildlife  can  benefit  when 
prescribed  fire  is  properly  used. 

2.  Site  preparation.   Prescribed  burning  has 
been  used  in  sagebrush-cheatgrass  and  cheatgrass- 
annual  forb  communities  to  prepare  sites  for 
subsequent  seeding  to  improved  species  such  as 
crested  wheatgrass  (Pechanec  and  Hull  1945; 
Young  and  Miller  1983) .   Fire  is  used  to  remove 
sagebrush  and  to  reduce  cheatgass  density,  and 
therefore,  to  reduce  competition  with  emerging 
seedlings  of  the  seeded  species.   In  pinyon- 
juniper  communities  fire  is  used  for  site  prepara- 
tion after  chaining  or  dozing  and  prior  to  seed- 
ing.  Here,  fire  is  employed  primarily  to  reduce 
wood  residues  of  uprooted  trees  and  shrubs.   A 
secondary  benefit  of  broadcast  burning  (as  opposed 
to  burning  piled  or  windrowed  debris)  is  obtained 
by  killing  small  trees  and  shrubs  that  survive 

the  mechanical  treatment.   However,  over  much  of 
the  Intermountain  region,  sparse  understory  vege- 
tation limits  the  application  of  broadcast  burn- 
ing in  mechanically  treated  pinyon-juniper  areas. 

3.  Repeat  treatment  of  improved  sites.   A 
use  of  fire  yet  to  be  fully  explored  consists  of 
burning  sites  where  sagebrush  and/or  pinyon  and 
juniper  were  previously  controlled  by  mechanical 
methods.   Reinvasion  of  undesirable  woody  plants 
reduces  production  of  native  grass-forb  and 
seeded  grass  stands.   This  often  creates  a  need 
for  retreatment  after  20  to  40  years.   If  herba- 
ceous fuels  are  sufficiently  abundant,  fire  may 
be  used  to  renovate  these  stands. 


Richard  P.  Young  is  Graduate  Research  Assistant 
at  the  Eastern  Oregon  Agricultural  Research 
Center,  Burns,  Oreg. 
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FIRE  EFFECTS  ON  VEGETATION 

Some  General  Concepts 

Two  aspects  of  fire  effects  on  vegetation  need  to 
be  considered:  (1)  direct  effects,  which  consist 
of  heat  damage  to  individual  plants;  and  (2) 
indirect  effects — that  is,  how  fire  affects 
postburn  community  development  by  altering  stand 
composition  and  structure.   Direct  damage  by  fire 
is  related  to  morphological  characteristics  of 
plants,  including  the  location  of  growing  points 
(meristematic  tissues) .   Development  of  the  post- 
burn  community  as  a  whole  is  obviously  dependent 
to  a  large  degree  on  direct  fire  effects.   There 
are,  however,  some  additional  factors  at  work. 
By  killing  certain  plants,  fire  reduces  competition 
and  releases  resources  (water,  nutrients,  light) 
to  those  plants  that  survive  the  burn  and  to  new 
plants  established  from  seed  within  the  burn 
area.   How  these  newly  available  resources  are 
divided  is  dependent  on  characteristics  of  the 
plant  species,  including  their  regrowth  and 
reproductive  potentials,  and  preburn  range 
condition — species  composition  and  abundance. 

All  trees  and  shrubs  and  some  perennial  forbs 
have  growing  points  elevated  on  aerial  stems,  the 
terminal  and  lateral  buds.   These  are  often 
severely  damaged  or  killed  by  fire.   Survival  of 
these  species  is  dependent  on  their  ability  to 
resprout  after  loss  of  aerial  stems.   For  example, 
certain  shrubs  resprout  after  burning  as  top- 
killing  activates  dormant  buds  or  initiates 
development  of  adventitious  buds  at  the  lower 
portions  of  stems  or  on  roots  (Volland  and  Dell 
1981) .   Most  grasses  and  forbs  have  growing  points 
variously  insulated  from  heat  injury  by  their 
location  near  to  or  below  the  soil  surface.  For 
these  species  the  degree  of  damage  sustained  is 
proportional  to  the  temperature  and  length  of 
time  to  which  meristematic  tissues  are  subjected. 
Postburn  regrowth  is  by  way  of  undamaged  meri- 
stematic tissue.   Most  herbaceous  plants  fall 
into  this  category,  and  response  to  fire  varies 
between  species  and  with  characteristics  of  the 
burn.   Rhizomatous  species  are  usually  quite 
resistant  to  fire  injury  due  to  insulation  of 
growing  points  by  the  soil  (Volland  and  Dell  1981) . 

Plants  capable  of  rapid  regrowth  or  resprouting 
after  fire  are  usually  favored  over  those  that 
are  top-killed  and  subject  to  reestablishment 
by  seed  (Noble  and  Slatyer  1977).   These  species 
are  able  to  take  immediate  advantage  of  the 
increased  availability  of  resources.   This  is 
often  observed  as  vigorous  growth  and  increased 
production  of  individual  plants,  species,  or  the 
herbaceous  component  of  a  community  as  a  whole 
(Daubenmire  1968;  Young  and  Evans  1978).   This 
alone,  however,  does  little  to  fill  in  the  spaces 
resulting  from  plants  killed  in  a  fire.   That  is 
accomplished  primarily  by  the  establishment  of 
new  plants  from  seed  (although  spread  of  rhizoma- 
tous species  achieves  the  same  result) .   Seed 
availability  and  ultimately  establishment  of  new 
plants  can  affect  postburn  community  composition 
as  much  or  more  than  any  other  process.   There- 
fore, seed  production,  longevity,  and  dispersal 


characteristics  are  important  with  respect  to 
community  development  after  a  fire  (Harper  1977; 
Cattelino  and  others  1979).   Species  with  the 
best  chance  of  getting  seed  into  "open"  sites, 
favorable  for  successful  establishment,  are 
likely  to  have  one  or  more  of  the  following 
properties : 

1.  Production  of  large  seed  crops.   The  more 
seed  produced,  the  greater  the  chance  of  some 
falling  onto  favorable  sites. 

2.  Seeds  that  are  light  and/or  have  special 
morphological  characteristics  to  aid  dispersal. 
The  adaptation  of  many  weedy  species  and  some 
shrubs,  especially  when  combined  with  the  property 
of  large  seed  crops,  results  in  highly  competitive 
species  because  seed  is  broadcast  over  large 
areas  and  new  plants  may  rapidly  occupy  suitable 
openings  within  a  community. 

3.  Reserves  of  long-lived  seed  maintained  in 
the  soil.   In  this  situation  a  ready  supply  of 
new  seedlings  may  be  available  to  occupy  openings 
without  the  delay  of  seed  production  and  dispersal 
into  the  burn  area.   A  certain  proportion  of  the 
seed  reserves  may  germinate  on  an  annual  basis  or 
germination  may  be  stimulated  by  conditions  of 

the  burn  such  as  heat  treatment  from  the  fire  or 
high  levels  of  nitrogen  and/or  phosphorous  in 
soils  after  the  burn. 

4.  Annual  or  frequent  seed  crops.   Because 
good  seed  production  years  are  not  always  followed 
by  good  seedling  establishment  years,  it  may  be 
advantageous  to  produce  some  amount  of  viable 
seed  in  as  many  years  as  possible.   Several  years 
may  be  required  before  seedlings  are  capable  of 
taking  hold  in  a  burned  area. 

Although  not  a  property  of  seed  production  per  se, 
the  more  abundant  a  species  is  within  the  postburn 
community,  the  more  likely  it  is  to  spread  into 
fire-created  openings,  either  by  vegetative  growth 
or  establishment  of  new  seedlings;  thus,  the 
importance  of  preburn  range  condition  and  survival 
of  desirable  species.   Poor  condition  or  low  serai 
stage  communities  probably  will  not  improve  in 
response  to  fire  either  rapidly,  or  possibly  not  at 
all  (Young  and  others  1977;  Young  and  Evans  1978). 
Where  the  perennial  grass  and  forb  understory  is 
depleted,  total  seed  production  will  be  small  and 
poorly  dispersed  over  the  burn  area  (even  though 
production  per  plant  may  be  relatively  high) . 
Resprouting  shrubs  and  annual  species  are  likely 
to  increase  and  compete  strongly  with  the  more 
desirable  plants.   In  general,  the  better  the 
initial  condition  of  the  site,  the  more  likely 
it  is  that  a  favorable  response  will  be  observed 
after  a  fire. 

Plant  Species  Response  To  Fire 

Despite  the  inferred  difficulty  of  predicting 
plant  response  to  fire,  an  abundance  of  informa- 
tion exists  on  certain  species  (especially  the 
common,  abundant  ones)  and  how  they  react  to  fire. 
About  some  species,  we  know  a  lot,  and  our  predic- 
tions concerning  these  are  generally  quite  good. 
For  others,  however,  we  know  much  less.   Caution 
is  therefore  advised  when  using  summaries  (such 
as  I  report  here)  for  the  following  reasons: 
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1.  Much  of  our  information  derives  from 
observations  following  wildfires.   Environmental 
conditions  and  behavior  of  wildfires  are  typically 
different  from  most  controlled  burns.   Therefore, 
plant  response  might  similarly  be  expected  to 
differ  significantly.   We  still  need  to  know  more 
about  plant  response  to  burns  of  varying  intensi- 
ties conducted  in  different  seasons,  phenological 
condition,  soil  moisture,  and  so  forth. 

2.  Many  times  generalizations  are  formulated 
about  species  occurring  in  low  abundance  in  a 
community.   These  species  are  difficult  to  sample 
with  reasonable  levels  of  precision.   Although  no 
hard  and  fast  rule  can  be  given,  the  key  to 
evaluating  fire  effects  on  these  species  is  to 
look  for  "big"  differences  in  pre-  and  postburn 
abundance.   Small  changes  might  easily  be  an 
artifact  of  sampling  methods  and/or  intensity. 

3.  We  have  found,  often  after  expensive 
mistakes,  that  plant  taxonomy  below  the  species 
level  can  be  important  relative  to  vegetation 
management  practices.   The  obvious  case  in  point 
here  involves  big  sagebrush,  for  which  differences 
in  ecosystem  and  therefore  management  implications 
are  associated  with  the  various  subspecies  (see 
section  on  "Plant  Species  Names") .   Differences 
important  to  range  management  practices  might 
also  be  expected  of  other  species.   Care  should 
always  be  taken  when  extrapolating  reported 

or  observed  fire  effects  between  subspecies, 
varieties,  and  so  forth. 

The  most  common  use  of  fire  in  the  Intermountain 
region  is  for  control  of  undesirable  woody  species 
of  trees  and  shrubs:  pinyon,  juniper,  and  big 
sagebrush.   The  objective  is  to  reduce  competition 
with  existing  herbaceous  plants  or  species  that 
will  be  seeded  onto  the  site.   Species  of  pinyon 
and  juniper  common  to  the  Intermountain  region 
are  not  capable  of  resprouting  after  a  fire  and 
are  readily  removed  by  top-killing  crown  fires  or 
when  trunks  are  "girdled"  by  destruction  of  cam- 
bial  tissue.   However,  the  effect  of  fire  on 
individual  pinyon  and  juniper  trees  is  dependent 
upon  tree  height,  quantities  of  shrub  and  herbaceous 
fuels,  and  weather  conditions.   Trees  less  than 
4  ft  (1.2  m)  tall  are  easily  killed  under  condi- 
tions of:  600  to  1,000  lb/acre  (675  to  1,125  kg/ha) 
fine  fuels,  air  temperatures  greater  than  70°  F 
(21°  C),  relative  humidity  20  to  40  percent,  and 
windspeed  10  to  20  mi/h  (16  to  32  km/h)  (Jameson 
1962;  Dwyer  and  Pieper  1967).   Cooler  temperatures 
and  higher  relative  humidity  can  be  expected  to 
reduce  mortality  of  this  size  class  of  trees. 

Mortality  of  trees  greater  than  4  ft  (1.2  m)  in 
height  requires  heavy  accumulations  of  fine  fuels 
or  continuous  cover  of  shrubs  between  and  below 
pinyon  and  juniper  (conditions  frequently  diffi- 
cult to  meet  in  the  Intermountain  region) .   For 
the  conditions  listed  above,  Jameson  (1962)  and 
Dwyer  and  Pieper  (1967)  report  kills  of  13.5  to 
40  percent  for  this  size  class.   However,  accumu- 
lations of  tumbleweeds  around  tree  bases  increased 
crown  kill  to  60  to  90  percent  (Jameson  1962). 

Closed  stands  of  pinyon  and  juniper  (greater  than 
60  percent  cover)  with  sparse  understories  are 
difficult  to  burn  because  fires  do  not  readily 
carry  (Blackburn  and  Bruner  1976).   Crown  fires 


are  necessary  to  kill  trees  under  these  conditions, 
Ease  of  conducting  such  burns  is  improved  with 
increasing  crown  density  and  as  the  proportion  of 
pinyon  in  the  stand  increases. 

Pure  stands  of  juniper  are  nearly  impossible  to 
burn  and  then  may  require  dangerously  high  wind- 
speeds:  in  excess  of  35  mi/h  (56  km/h).   Dense 
stands  of  mixed  pinyon  and  juniper  (500  to  1,000 
trees/acre,  or  1,235  to  2,470  trees/ha)  can  be 
burned  on  hot  days  (Blackburn  and  Bruner  1976) . 
Bruner  and  Klebenow  (1979)  have  shown  that  large 
pinyon  and  juniper  trees  can  be  killed  in  stands 
mixed  with  sagebrush  under  the  following  condi- 
tions: 45  to  60  or  more  percent  shrub  and  tree 
cover,  air  temperature  60°  to  75°  F  (16°  to 
32°  C) ,  relative  humidity  less  than  25  percent, 
and  maximum  windspeed  5  to  25  mi/h  (3  to  40  km/h). 

Big  sagebrush,  a  nonsprouting  species,  is  easily 
killed  by  fire.   The  observed  effects  of  fire  on 
major  shrub  species  in  the  sagebrush  and  pinyon- 
juniper  zones  of  the  Intermountain  region  are 
summarized  in  table  1.   In  general,  sprouting 
shrubs  are  favored  by  fire.   In  addition  to  rapid 
postburn  regrowth,  many  of  these  species,  such  as 
rabbitbrush  and  horsebrush,  produce  heavy  seed 
crops.   Thus,  plant  density  may  increase  drama- 
tically after  a  burn,  especially  on  poor  to  fair 
condition  range  sites  where  the  postburn  community 
is  open  to  establishment  of  new  plants.   Peren- 
nial herbaceous  species  dependent  on  establishment 
from  seed  appear  to  be  much  slower  and  therefore 
less  competitive  at  expanding  into  these  openings. 
Heavy  seed  production  and  ease  of  dispersal,  both 
from  any  surviving  plants  and  from  outside  the 
burn  area,  may  likewise  result  in  rapid  reinvasion 
by  big  sagebrush. 

Growth  habit  and  season  of  burn  are  the  principal 
variables  regulating  response  of  grasses  to  fire 
(table  2).   In  addition,  effects  of  fire  on 
bunchgrasses  are  related  to  culm  density,  culm- 
leaf  morphology,  and  size  of  the  bunch  (Wright 
and  Bailey  1982) .   Idaho  fescue  and  needle-and- 
thread  can  be  severely  harmed  by  fire.   This 
results  from  densely  clustered,  leafy  culms  that 
burn  long  after  passage  of  the  flaming  front 
and  irrespective  of  fire  intensity.   Late  summer 
and  fall  burns  appear  least  damaging  to  this 
growth  form  (Wright  and  Klemmedson  1965) ,  whereas 
wildfires  are  most  injurious  (Countryman  and 
Cornelius  1957).   In  contrast,  bluebunch  and 
crested  wheatgrass  and  bottlebrush  squirreltail 
are  less  susceptible  to  damage  by  fire.   Coarse 
stems  with  lesser  amounts  of  leafy  material  result 
in  rapid  combustion  and  little  downward  transfer 
of  heat  into  plant  crowns.   Wright  and  Klemmedson 
(1965)  have  shown  that  the  small  basal  size  of 
Sandberg  bluegrass  and  bottlebrush  squirreltail 
reduce  their  susceptibility  to  injury  by  fire. 

Rhizomatous  species  such  as  Kentucky  bluegrass, 
thickspike  wheatgrass,  and  many  sedges  are  fre- 
quently favored  by  fire.   However,  burns  conducted 
in  the  spring  after  new  growth  is  initiated  can 
severely  injure  these  species.   Such  burns  favor 
later-developing  grasses  and  forbs. 
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Annual  grasses,  including  cheatgrass  and  medusahead, 
suffer  reduced  densities  the  year  after  a  burn. 
This  results  from  unfavorable  microsites  for 
germination  and  establishment  due  to  loss  of 
litter  cover  as  well  as  reduction  of  seed  reserves. 
Recovery  is  rapid,  however,  and  densities  may 
ultimately  exceed  preburn  levels. 

Our  understanding  of  fire  effects  on  forbs  is 
less  than  satisfactory.   With  few  exceptions, 
little  work  has  been  replicated  for  a  species  at 
different  sites  or  for  varying  burn  conditions; 
and  no  efforts  have  investigated  response  of 
permanently  marked  perennial  plants.   As  a  group, 
forbs  respond  more  favorably  to  fire  than  do 
grasses.   Additionally,  late  summer  and  fall 
burns  occur  when  many  forbs  are  dormant  and/or 
after  much  of  the  foliage  is  dry  and  disinte- 
grated.  As  noted  by  Wright  and  others  (1979), 
the  best  studies  of  fire  effects  on  forbs  involve 
controlled  burns  in  sagebrush  grasslands  of  the 
upper  Snake  River  Plains  of  Idaho.   These  studies 
are  reported  in  a  series  of  papers  by  Blaisdell 
(1953),  Pechanec  and  others  (1954),  and  Harniss 
and  Murray  (1973).   Their  findings  are  summarized 
in  table  3.   Species  uninjured  or  slightly  injured 
by  fire  were  those  that  spread  by  rootstalks  or 
short  shoots  (Pechanec  and  others  1954) .   These 
increased  most  rapidly  after  burning.   Arrowleaf 
balsamroot  and  tailcup  lupine,  although  undamaged 
by  fire,  were  slow  to  increase  after  burning. 
Annual  species  are  also  capable  of  rapid  increases 
in  abundance  following  burning  (see  also  Piemeisel 
1938;  Barney  and  Frischknecht  1974;  Young  and 
Miller  1983) .   Forbs  most  severely  harmed  by  fire 
included  species  with  suf fretescent  growth  forms. 


FIRE  EFFECTS  ON  SOIL 

The  long-held  notion  that  fire  damages  soils  of 
range  ecosystems  has  largely  been  laid  to  rest 
through  findings  of  research  over  the  past  30  years. 
Although  combustion  of  plant  materials  results  in 
volatilization  of  nitrogen  and  sulfur,  most  nutrients 
are  added  directly  to  the  soil  surface  as  soluble 
salts  (Daubenmire  1968) .   These  are  readily  avail- 
able for  uptake  by  plants.   In  most  instances 
both  total  and  available  soil  nitrogen  are  observed 
to  increase  after  burning.   This  is  primarily  due 
to  stimulation  of  nitrogen-fixing  bacteria  associated 
with  legumes  and  nonlegume  (such  as  snowbrush) 
plants  and  increased  rates  of  organic  matter 
decomposition  (Sharrow  and  Wright  1977).   Increased 
soil  temperatures,  soil  water,  and  nutrient  avail- 
ability after  a  burn  are  frequently  manifest  in 
increased  production  of  herbaceous  plants. 

Nutrients  not  leached  into  the  soil  are  subject 
to  loss  through  wind  and/or  water  erosion.   This 
is  the  principal  concern  relative  to  fire-soil 
interaction  when  using  controlled  burning  in 
rangeland  communities.   Buckhouse  and  Gifford 
(1976)  found  increased  levels  of  phosphorus  and 
potassium  in  runoff  of  simulated  rainfall  follow- 
ing slash  pile  burning  in  a  pinyon-juniper  com- 
munity.  Quantities  of  nitrate-nitrogen,  sodium, 
and  calcium  were  unchanged.   However,  due  to  low 
annual  precipitation,  the  use  of  fire  in  sage- 
brush and  pinyon-juniper  communities  does  not 
generally  affect  erosion  or  runoff  rates  except 
after  25-year  storms  or  on  slopes  exceeding 
30  to  45  percent  (Blaisdell  and  others  1982; 
Wright  and  Bailey  1982) .   Soil  losses  due  to  wind 


Table  3.   Summary  of  relative  response  to  fire  of  forbs  in  sagebrush  grasslands  of 
the  upper  Snake  River  Plains  of  Idaho  (Pechanec  and  others  1954) .   See  text  for 
scientific  names. 


Severely  damaged 


Slightly  damaged 


Undamaged 


Hairy  fleabane 
Hoary  phlox 
Littleleaf  pussytoes 
Low  pussytoes 
Mat  eriogonum 
Unita  sandwort 
Wyeth  eriogonum 


Astragalus 

Matroot  penstemon 

Monroe  globemallow 

Pinnate  tanseymustard 

Plumeweed 

Red  globemallow 

Sticky  geranium 

Tailcup  lupine 

Tapertip  hawksbeard 

Tongueleaf  violet 

Tumblemustard 

Wavyleaf  thistle 

Whitlow-wart 

Wild  lettuce 


Arrowleaf  balsamroot 
Common  comandra 
Common  sunflower 
Coyote  tobacco 
Douglas  knotweed 
Flaxleaf  plainsmustard 
Flixweed  tanseymustard 
Foothill  deathcamas 
Gayophytum 
Goldenrod 
Goosef oot 

Lambstongue  groundsel 
Longleaf  phlox 
Orange  arnica 
Pale  alyssum 
Purpledaisy  fleabane 
Russian  thistle 
Velvet  lupine 
Western  yarrow 
Wild  onion 
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erosion  are  also  a  potential  hazard.   This  is 
especially  true  of  sandy  soils,  as  has  been 
reported  by  Blaisdell  (1953). 


APPLICATION  OF  PRESCRIBED  BURNING 

Much  of  the  following  material,  especially  the 
burning  prescriptions,  has  been  taken  from  the 
more  detailed  treatments  in  Wright  and  others 
(1979)  and  Wright  and  Bailey  (1982). 

The  Sagebrush  Zone 

The  primary  use  of  fire  in  the  sagebrush  zone  of 
the  Intermountain  region  is  to  control  dense 
stands  of  sagebrush  for  the  purposes  of  increasing 
herbaceous  production  and  increasing  habitat 
diversity.   The  following  guidelines  are  intended 
to  assist  in  planning  and  conducting  prescribed 
burns  in  this  major  vegetation  type. 

Where  to  burn. — Sparse  vegetal  cover  generally 
precludes  the  use  of  prescribed  fire  in  dwarf 
sagebrush  habitat  types.   Furthermore,  fire  may 
be  undesirable  where  valuable  browse  species  such 
as  black  sagebrush  or  low  sagebrush  occur  (Blaisdell 
and  others  1982) .   The  potential  use  of  prescribed 
burning  is  greatest  in  habitat  types  dominated  by 
the  three  subspecies  of  big  sagebrush  (basin, 
Wyoming,  and  mountain  big  sagebrush),  threetip 
sagebrush,  and  mountain  silver  sagebrush. 

Results  of  prescribed  burning  have  not  been  reported 
for  mountain  silver  sagebrush  communities.   There- 
fore, guidelines  for  using  fire  in  this  type  are 
not  available.   These  sites  typically  have  high 
productive  potential,  however,  and  should  be 
considered  as  candidate  areas  for  using  fire. 

Burning  sagebrush  ranges  generally  requires  a 
minimum  of  600  to  700  lb/acre  (650  to  750  kg/ha) 
of  herbaceous  fuels  and  approximately  20  percent 
or  more  sagebrush  cover  (Beardall  and  Sylvester 
1976;  Britton  and  Ralphs  1979).   Pechanec  and 
others  (1954)  suggest  that  burning  should  be 
considered  only  where  sagebrush  forms  at  least 
30  percent  of  the  total  plant  cover.   Many  sage- 
brush sites  will  therefore  be  difficult  or  impos- 
sible to  burn:  degraded  stands  often  produce  far 
less  than  the  necessary  amount  of  fine  fuels;  and 
similarly,  shrub  cover  is  frequently  below  the 
minimum  levels  required.   This  is  especially  true 
of  many  Wyoming  big  sagebrush  dominated  areas. 
In  general,  the  more  xeric  the  site,  the  more 
difficult  it  will  be  to  obtain  consistent  results 
when  using  prescribed  burning  for  shrub  control. 

Where  stands  of  sagebrush  are  sufficiently  dense 
or  when  forbs  are  abundant  in  the  community, 
controlled  burning  is  preferred  to  herbicide 
application  for  site  improvement.   Caution  is 
advised  in  using  fire  where  bitterbrush  occurs  in 
significant  quantities  due  to  its  susceptibility 
to  damage  by  fire.   Conversely,  where  rabbitbrush 
or  horsebrush  are  abundant,  fire  can  result  in 
increased  density  and  cover  of  these  species  in 
the  postburn  community,  especially  in  stands  of 
poor  to  fair  condition. 


Controlled  burning  should  be  restricted  to  areas 
with  sufficient  cover  of  fire-tolerant  grasses 
and  forbs  or  where  subsequent  seeding  is  practicabl 
(Blaisdell  and  others  1982) .   A  precise  definition 
of  "sufficient"  cannot  be  given.   As  a  general 
rule,  though,  desirable  species  should  make  up 
20  percent  or  more  of  the  plant  cover;  or,  where 
bunchgrass  density  is  at  least  one  plant  per 
square  yard  (about  one  plant/m2).   Irrespective 
of  plant  cover,  fire  should  not  be  used  where  soils 
are  unstable  or  on  slopes  exceeding  30  percent. 

Burning  followed  by  seeding  will  suppress  stands 
of  medusahead.   However,  only  limited  success  has 
been  achieved  with  this  technique  in  dense  cheat- 
grass  (for  exceptions  see  Hull  and  Stewart  1948; 
Young  and  Miller  1983) .   In  mixed  sagebrush-cheat- 
grass  stands,  seeding  after  burning  has  been 
successful  where  cheatgrass  seed  reserves  are 
reduced  by  80  to  90  percent.   In  either  situation, 
where  sufficient  seed  survives  the  burn,  chemical 
fallow  or  plowing  after  emergence  of  cheatgrass 
seedlings  may  be  necessary  before  seeding  is 
attempted. 

Livestock  are  likely  to  concentrate  on  burned 
areas  resulting  in  overuse  of  this  portion  of  a 
pasture.   This  can  be  prevented  by  burning  entire 
pastures  or  by  fencing  the  burn  area  for  use  as  a 
separate  management  unit. 

When  to  burn. — The  principal  times  recommended  for 
conducting  prescribed  burns  on  sagebrush  ranges 
are  early  fall  and  spring.   Most  consistent  results 
are  achieved  with  fall  burns  conducted  prior  to 
the  advent  of  cool,  moist  weather.   Most  nontarget 
species  are  dormant  at  this  time,  and  fire-induced 
damage  should  be  within  acceptable  limits  when 
low  to  medium  intensity  burns  are  carried  out. 

The  limitation  of  spring  burning  is  timing:  favor- 
able burning  conditions  typically  occur  for  only 
short  periods.   In  addition  to  necessary  weather 
conditions,  fine  fuels  must  be  sufficiently  dry 
and  yet  burns  should  be  conducted  prior  to  greenup 
of  desirable  herbaceous  species.   However,  when 
successfully  carried  out,  early  spring  burning 
will  usually  control  sagebrush  with  minimal 
damage  to  other  species. 

Midsummer  burning  is  not  a  recommended  practice 
due  to  the  susceptibility  of  forage  species, 
especially  bunchgrasses,  to  damage.  Furthermore, 
control  problems  are  greatest  during  the  hot,  dry 
conditions  prevalent  in  this  season.  Late  summer 
burning  may  be  advisable  when  the  area  is  planned 
for  fall  seeding. 

How  to  burn. — Except  where  shrub  coverage  is  very 
dense,  livestock  grazing  must  be  excluded  from 
areas  to  be  burned  for  the  entire  growing  season 
prior  to  treatment.   This  is  to  provide  adequate 
fine  fuels  to  carry  the  fire. 

Based  upon  economic  analyses  of  various  size  burns 
in  sagebrush-grasslands,  Davis  (1977)  suggests  that 
most  efficient  burn  units  are  of  about  450  acres 
(180  ha).   However,  as  mentioned  previously,  when 
burn  areas  cannot  be  separately  fenced,  entire 
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management  units  should  be  burned.   This  may 
best  be  accomplished  by  dividing  a  pasture  into 
several  units  that  will  be  burned  independently. 

In  sagebrush-grass  vegetation  Wright  and  others 
(1979)  and  Wright  and  Bailey  (1982)  suggest  the 
following  burn  prescription: 

1.  A  fireline  of  10  to  12  ft  (3.0  to  3.7  m) 
width  should  be  dozed  around  the  entire  area  to 
be  burned. 

2.  During  the  morning  hours,  use  strip  head- 
fires  to  construct  a  250  ft  (75  m)  blackline 
along  the  downwind  boundaries.   Air  temperature 
should  be  60°  to  70°  F  (16°  to  21°  C) ,  relative 
humidity  25  to  40  percent,  and  windspeed  6  to 

10  mi/h  (8  to  16  km/h) .   At  250  ft  (75  m) ,  back- 
ing fires  can  be  stopped  with  a  pumper  or  by 
placement  of  another  dozer  line. 

3.  In  early  afternoon,  as  weather  conditions 
are  approaching  daily  maximum  air  temperatures 

and  minimum  relative  humidity,  headfire  the  remaining 
area.   Recommended  conditions  include  air  tempera- 
ture of  75°  to  85°  F  (24°  to  29°  C) ,  relative 
humidity  15  to  20  percent,  and  windspeed  8  to 
15  mi/h  (13  to  24  km/h). 

Major  disadvantages  associated  with  sagebrush 
burning  are  the  cost  of  construction  and  undesirable 
effects  of  bulldozed  firelines.   These  problems 
may  be  eliminated  or  minimized  where  natural 
firebreaks  are  used.   Stands  of  big  sagebrush 
surrounded  by  low  sagebrush  can  be  safely  burned 
without  preparation  of  firelines  because  fire 
rarely  spreads  through  this  latter  type  even 
under  high  temperatures  and  windspeeds  up  to 
25  mi/h  (40  km/h)  (Beardall  and  Sylvester  1976). 
Snowbanks  may  also  be  used  as  firelines  when 
conducting  spring  burns.   Beardall  and  Sylvester 
(1976)  suggest  that  early  spring  burning  can  be 
carried  out  in  areas  with  greater  than  600  lb/acre 
(650  kg/ha)  of  fine  fuels  when  relative  humidity 
is  less  than  60  percent  and  windspeed  is  greater 
than  8  mi/h  (13  km/h).   Britton  (personal  communi- 
cation) suggests  firelines  can  be  constructed 
with  heavy  grazing  around  the  burn  unit  to 
remove  herbaceous  fuels  prior  to  burning.    With 
sufficiently  low  sagebrush  cover,  the  flame 
front  dies  as  it  passes  into  the  area  where  fine 
fuels  have  been  reduced  by  grazing. 

Postburn  management. — Proper  grazing  management 
following  prescribed  burning  is  required  to  real- 
ize the  potential  benefits  of  this  treatment. 
Grazing  should  not  be  permitted  for  at  least  one 
and  possibly  two  growing  seasons  after  the  burn. 
This  will  allow  native  herbaceous  species  to 
regain  vigor  and  take  advantage  of  the  increased 
availability  of  water  and  nutrients.   Heavy  seed 
crops  are  often  produced  by  grasses  and  forbs 
during  this  period.   Therefore,  it  may  be  desir- 
able to  permit  light  grazing  in  late  summer  or 
fall  (after  seed  dispersal)  to  improve  seed  germi- 
nation and  establishment  of  new  plants. 

Because  sagebrush  is  a  natural  component  of  the 
vegetation  in  this  region,  these  rangelands  cannot 
be  kept  entirely  free  of  sagebrush.   Reinvasion 
may  occur  with  the  best  of  management  efforts. 
Furthermore,  eliminating  sagebrush  from  these 
areas  may  not  be  desirable.   As  sagebrush  density 


increases,  however,  production  of  forage  species 
will  decline.   Under  these  circumstances  repeated 
burning  at  intervals  of  20  to  30  years  should 
maintain  the  range  in  satisfactory  condition. 

Burning  cheatgrass  ranges. — Prescribed  burning  of 
cheatgrass  ranges  should  always  be  followed  by 
artificial  seeding  as  native  species  will  rarely 
increase  rapidly  enough  (if  at  all)  to  accomplish 
management  objectives.   Firelines  can  usually  be 
constructed  using  the  wetline  technique  developed 
by  Martin  and  others  (1977).   Fires  are  backed 
away  from  a  single  wetline  or  allowed  to  burn  out 
between  two  parallel  wetlines. 

Martin  and  others  (1982)  recommended  the  follow- 
ing prescription  for  burning  cheatgrass  ranges: 

1.  Burns  may  be  conducted  any  time  after 
annual  grasses  are  cured  and  until  fall  weather 
prohibits  burning.   Burn  at  least  3  days  after 
precipitation  to  allow  litter  to  dry  and  thus 
insure  high  seed  mortality. 

2.  Weather  conditions  should  consist  of  air 
temperature  56°  to  84°  F  (10°  to  30°  C) ,  relative 
humidity  20  to  45  percent,  and  windspeed  0  to 

10  mi/h  (0  to  15  km/h). 

3.  Backing  fires  should  be  initiated  at  the 
downwind  lines  and  combined  with  strip  headlines 
to  develop  a  30  to  100  ft  (10  to  30  m)  blackline 
Headfire  the  remainder  of  the  unit.   Center  or 
ringfiring  can  be  used  under  conditions  of  no 
wind. 

The  Pinyon- Juniper  Zone 

The  primary  uses  of  fire  in  pinyon-juniper  wood- 
lands are  (1)  to  reduce  woody  trees  and  shrubs, 
allowing  recovery  of  native  herbaceous  species 
or  to  permit  subsequent  artificial  seeding;  and 
(2)  to  increase  habitat  diversity  where  the  pinyon- 
juniper  type  is  continuous  over  extensive  areas. 
The  following  guidelines  are  provided  for  plan- 
ning and  conducting  prescribed  burns  in  the  differ- 
ent pinyon-juniper  types  of  the  Intermountain 
region.   Again,  this  material  follows  the  discus- 
sion and  recommendations  found  in  Wright  and 
others  (1979)  and  Wright  and  Bailey  (1982). 

Closed  pinyon-juniper  (sparse  understory) . — Dense 
stands  of  pinyon-juniper  with  little  or  no  shrubs 
and  grasses  in  the  understory  are  difficult  to 
burn.   To  significantly  improve  these  sites, 
prescribed  burning  must  often  be  used  in  combina- 
tion with  mechanical  treatment,  such  as  chaining, 
and  followed  by  seeding.   Without  prior  treatment, 
burning  can  only  be  carried  out  under  conditions 
of  high  temperatures,  low  relative  humidity, 
and  moderate  to  high  windspeed;  that  is,  when 
fire  control  will  almost  certainly  be  difficult. 
Although  expensive,  mechanical  treatment  followed 
by  burning  and/or  seeding  is  a  viable  means  of 
converting  closed  pinyon-juniper  woodlands  to 
productive  shrub-grass  mixtures. 

The  following  prescription  is  recommended  for 
burning  in  closed  stands  of  pinyon-juniper. 

1.   A  10  ft  (3  m)  dozer  line  should  be  placed 
around  the  burn  area,  including  parallel  lines 
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500  ft  (150  m)  apart  along  the  downwind  boundaries. 
The  downwind  strips  can  be  chained  and  the  debris 
windrowed  in  the  winter  or  at  any  prior  time. 

2.  Windrows  within  these  strips  are  then 
burned  in  early  spring  or  summer  when  vegetation 
of  adjacent  areas  is  still  green.   Conditions  at 
this  time  should  include  air  temperatures  of  60° 
to  75°  F  (16°  to  24°  C) ,  relative  humidity  20 

to  35  percent,  and  windspeed  0  to  10  mi/h  (0  to 
16  km/h). 

3.  The  main  portion  of  the  burn  area  is 
prepared  in  the  spring  by  dozing  strips  20  to  50  ft 
(6  to  15  m)  wide  every  0.25  mi  (0.4  km)  and  push- 
ing the  debris  against  the  windward  side  of  the 
standing  trees.   These  fuels  should  be  allowed  to 
cure  for  2  to  3  months. 

4.  Burning  can  then  be  conducted  in  the 
summer  with  air  temperatures  of  80°  to  95°  F 
(27°  to  35°  C) ,  relative  humidity  less  than 
10  percent,  and  windspeed  greater  than  8  mi/h 

(13  km/h) .   The  dozed  fuels  are  ignited  on  the  upwind 
side.   The  burning  debris  builds  sufficiently  high 
fire  intensity  that,  in  combination  with  the  winds, 
a  crown  fire  will  carry  through  the  standing  green 
trees. 

Nearly  pure  stands  of  juniper  are  difficult  to 
burn  unless  they  have  been  chained.   Firelines 
are  constructed  as  above  except  that  downwind 
strip  width  need  only  be  250  ft  (75  m)  wide. 
Piles  and  windrows  within  the  strips  are  burned 
when  air  temperature  is  65°  to  75°  F  (18°  to  24°  C) , 
relative  humidity  15  to  25  percent,  and  windspeed 
8  to  10  mi/h  (13  to  16  km/h).   The  main  portion 
of  the  burn  area  is  burned  any  time  after  chained 
fuels  have  cured  2  to  3  months  and  when  air  tempera- 
ture is  90°  to  100°  F  (32°  to  38°  C) ,  relative 
humidity  is  less  than  10  percent,  and  windspeed 
is  8  to  10  mi/h  (13  to  16  km/h).   Because  it  is 
often  impossible  to  broadcast  burn  these  sites, 
large  crews  may  be  necessary  to  ignite  the  scattered 
piles  and  windrows  of  juniper  debris. 

Mixed  pinyon-juniper  shrub. — Pinyon- juniper  wood- 
lands of  the  Intermountain  region  support  variable 
amounts  of  shrubs,  the  most  common  and  abundant 
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of  which  is  sagebrush.   Bruner  and  Klebenow  (1979) 
have  shown  that  dense,  mixed  pinyon-juniper-shrub 
stands  can  be  burned  without  firelines.   They 
have  developed  a  simple  index  to  determine  when 
and  where  these  burns  should  be  attempted.   The 
components  of  this  index  are  total  tree  and  shrub 
cover,  air  temperature,  and  maximum  windspeed. 
The  relationship  of  these  variables  and  the  condi- 
tions under  which  burning  is  possible  are  as 
follows: 

INDEX  =  tree  and  shrub  cover  (%) 
+  air  temperature  (°F) 
+  maximum  windspeed  (mi/h) 

where,  shrub  and  tree  cover  =  45  to  60  percent, 
air  temperature  =  60°  to  75°  F  (16°  to  24°C) , 
windspeed  =  5  to  25  mi/h  (8  to  40  km/h),  and  rela- 
tive humidity  =  less  than  25  percent.   The  index 
must  equal  or  exceed  110  for  a  fire  to  carry  and 
kill  large  pinyon  and  juniper  trees.   However,  at 
values  less  than  125,  reignition  of  trees  may  be 
necessary.   Above  130,  conditions  are  too  hazardous 
to  burn. 

This  method  is  most  useful  for  burning  dense 
patches  of  pinyon-juniper-shrublands.   However, 
due  to  the  discontinuity  of  fuels  on  these  sites, 
burning  of  large  areas  is  usually  not  possible. 
Using  this  approach,  Bruner  and  Kelbenow  (1979) 
have  burned  areas  varying  in  size  from  5  to  60  acre 
(2  to  24  ha) .   Burned  sites  may  be  left  to  reseed 
naturally  or  may  be  aerially  seeded. 

Postburn  management. — Burning  can  be  used  to 
release  existing  desirable  plants  from  competition 
with  pinyon  and  juniper.   The  guidelines  presented 
earlier  should  be  used  in  deciding  if  an  adequate 
response  might  be  expected.   In  many  cases  it 
will  be  necessary  to  artificially  seed  burned 
areas  so  that  the  productive  potential  of  a  site 
is  realized.   Species  selection  and  seeding  tech- 
niques applicable  to  the  pinyon-juniper  and  sage- 
brush zones  are  discussed  in  other  portions  of 
these  proceedings.   Postburn  grazing  management 
should  follow  the  recommendations  given  for  sage- 
brush communities. 


Common  and  scientific  names  of  some  of  the  plant  species  in  the  sagebrush 
and  pinyon-juniper  zones  of  the  Intermountain  region. 


Common  name 

TREES 
Juniper 
Pinyon  pine 

SHRUBS 

Antelope  bitterbrush 
Big  sagebrush 

-  basin 

-  mountain 

-  Wyoming 


Scientific  name 


Juniperus  monosperma,  J^.  osteosperma,  J. 

scopulorum 

Pinus  edulis,  _P.  monophylla 


Purshia  tridentata 


Artemisia 

tridentata 

ssp. 

tridentata 

ssp. 

vaseyana 

ssp. 

wyomingensis 
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Bittercherry 

Black  sagebrush 

Broom  snakeweed 

Chokecherry 

Cliffrose 

Common  snowberry 

Curlleaf  mountain  mahogany 

Currant 

Gambel  oak 

Greasewood 

Green  rabbitbrush 

Low  sagebrush 

Mountain  silver  sagebrush 

Mountain  snowberry 

Ninebark 

Oceanspray 

Rose 

Rubber  (grey)  rabbitbrush 

Serviceberry 

Snowberry 

Spineless  horsebrush 

Spirea 

Threetip  sagebrush 

True  mountain  mahogany 


Prunus  emarginata 

Artemisia  arbuscula  nova 

Xanthocephalum  sarothrae 

Prunus  virginiana 

Cowania  mexicana  stansburiana 

Symphoricarpos  albus 

Cercocarpus  ledifolius 

Ribes  spp. 

Quercus  gambelii 

Sarcobatus  vermiculatus 

Chrysothamnus  viscidit'lorus 

Artemisia  arbuscula  arbuscula 

Artemisia  cana  ssp.  viscidula 

Symphoricarpos  oreophilus  oreophilus 

Physocarpus  malvaceus 

Holodiscus  discolor 

Rosa  spp. 

Chrysothamnus  nauseosus 

Amelanchier  alnif olia 

Ceanothus  velut inus 

Tetradymia  canescens 

Spiraea  betulifolia 

Artemisia  tripartita  ssp.  tripartita 

Cercocarpus  montana 


GRASSES  AND  SEDGES 


Big  bluegrass 
Bluebunch  wheatgrass 
Bottlebrush  squirreltail 
Cheatgrass 

Columbia  needlegrass 
Crested  wheatgrass 
Cusick  bluegrass 
Douglas  sedge 
Idaho  fescue 
Indian  ricegrass 
Intermediate  wheatgrass 
Junegrass 

Kentucky  bluegrass 
Medusahead 
Muttongrass 
Needle- and- thread 
Nevada  bluegrass 
Sandberg  bluegrass 
Tall  wheatgrass 
Thickspike  wheatgrass 
Threadleaf  sedge 
Thurber  needlegrass 
Western  needlegrass 
Western  wheatgrass 


Poa  amp la 

Agropyron  spicatum 
Sitanion  hystrix 
Bromus  tectorum 
Stipa  columbiana 
Agropyron  cristatum,  A. 
Poa  cusickii 
Carex  douglasii 
Festuca  idahoensis 
Oryzopsis  hymenoides 
Agropyron  intermedium 
Koeleria  cristata 
Poa  pratensis 
Taeniatherum  asperum 
Poa  f endleriana 
Stipa  comata 
Poa  nevadensis 
Poa  sandbergii 
Agropyron  elongatum 
Agropyron  dasystachum 
Carex  f ilifolia 
Stipa  thurberiana 
Stipa  occidentalis 
Agropyron  smithii 


desertorum 


FORBS 


Arrowleaf  balsamroot 
Astragalus 
Common  comandra 
Common  sunflower 
Coyote  tobacco 
Douglas  kno tweed 
Flaxleaf  plainsmustard 
Flixweed  tanseymustard 
Foothill  deathcamas 
Gayophytum 
Goldenrod 
Goosef oot 
Hairy  fleabane 
Hoary  phlox 
Lambstongue  groundsel 


Balsamorhiza  sagittata 
Astragalus  spp. 
Comandra  umbellata 
Helianthus  annus 
Nicotiana  attenuata 
Polygonum  douglasii 
Sisymbrium  linifolium 
Descurainia  sophia 
Zygadenus  paniculatus 
Gayophytum  dif fusum 
Solidago  spp. 
Chenopodium  spp. 
Erigeron  concinnus 
Phlox  canescens 
Senecio  integerrimus 
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Littleleaf  pussytoes 
Longleaf  phlox 
Low  pussytoes 
Mat  eriogonum 
Matroot  penstemon 
Northwestern  paintbrush 
Orange  arnica 
Pale  alyssum 
Pinnate  tanseymustard 
Plumeweed 

Purpledaisy  fleabane 
Red  globemallow 
Russian  thistle 
Sticky  geranium 
Tailcup  lupine 
Tapertip  hawksbeard 
Tongueleaf  violet 
Tumblemustard 
Uinta  sandwort 
Velvet  lupine 
Wavyleaf  thistle 
Western  yarrow 
Whitlow-wart 
Wild  lettuce 
Wild  onion 
Wyeth  eriogonum 


Antennaria  microphylla 
Phlox  longifolia 
Antennaria  dimorpha 
Eriogonum  caespitosum 
Penstemon  radicosus 
Castilleja  angustifolia 
Arnica  fulgens 
Alyssum  alyssoides 
Descurainia  pinnata 
Cordylanthus  ramosus 
Erigeron  corymbosus 
Sphaeralcea  coccinea 
Salsola  pestifer 
Geranium  viscosissimum 
Lupinus  caudatus 
Crepis  acuminata 
Viola  nuttallii 
Sisymbrium  altissimum 
Arenaria  utahensis 
Lupinus  leucophyllus 
Cirsium  undulatum 
Achillia  millefolium 
Draba  verna 
Lactuca  sp. 
Allium  sp. 
Eriogonum  heracleoides 
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THE  APPLICATION  AND  USE  OF 
HERBICIDES  FOR  BRUSH  AND  WEED  CONTROL 

R.  A.  Evans,  J.  A.  Young,  and  R.  E.  Eckert,  Jr. 


ABSTRACT:   Use  of  herbicide  provides  effective 
and  efficient  control  of  brush  and  herbaceous 
weeds  in  the  management  of  the  sagebrush-grass 
ecosystem.   Rabbitbrush  and  other  root  or 
crown-sprouting  shrubs  are  harder  to  control  than 
sagebrush  and  require  careful  timing  of  spraying 
or  a  wider  spectrum  of  herbicides.   Techniques 
have  been  developed  for  control  of  downy  brome 
and  other  herbaceous  weeds  when  seeding  perennial 
grasses  for  improvement  of  degraded  sagebrush 
rangelands.   Weed  control-seeding  systems, 
involving  control  of  brush  and  herbaceous  weeds 
plus  seeding  of  forage  and  browse  species,  have 
been  successful  in  the  conversion  of  degraded 
communities  to  stable,  high-producing  rangelands. 

INTRODUCTION 

The  sagebrush-grass  ecosystem  is  the  largest 
rangeland  type  in  the  western  United  States.   In 
the  Great  Basin  and  Northwest  subregion,  which 
includes  most  of  northern  Nevada  and  parts  of 
Utah,  Idaho,  Oregon,  and  Washington,  there  are 
almost  85  million  acres  (35  million  ha)  of 
sagebrush-grass  rangeland  (Evans  and  others 
1981).   Of  these  rangelands,  88  percent,  almost 
75  million  acres  (30  million  ha)  are  degraded  to 
the  point  that  they  are  producing  50  percent  or 
less  of  their  forage  potential  (Forest  Service 
1972).   Only  1  percent  of  the  over  4  million 
acres  (1.6  million  ha)  of  sagebrush-grass 
rangelands  in  the  Humboldt  River  Basin  of 
northeastern  Nevada  are  in  the  high  forage 
production  class  (Anonymous  1966). 

Low  forage  production  on  these  rangelands  has 
been  caused  by  overgrazing  and  other  past  land 
abuses  (Young  and  others  1979)  resulting  in  a 
severe  depletion  of  native  perennial  grasses,  a 
dominance  of  brush,  and  in  many  instances,  annual 
alien  weed  dominance  in  the  understory. 

Once  big  sagebrush  (Artemisia  tridentata)  becomes 
established  as  the  dominant  species  of  degraded 
sagebrush-grass  rangelands,  it  is  persistent 
enough  to  stabilize  succession  in  these 
communities  for  long  periods.   This  tenure  of 
dominance  has  not  been  determined,  but  the  life 
expectancy  of  big  sagebrush  may  exceed  150  years 
(Ferguson  1964).   Degraded  rangelands  dominated 
by  big  sagebrush  can  remain  static,  producing 
virtually  no  forage  for  decades  regardless  of 
grazing  management  or  even  without  livestock 
grazing. 


MAJOR  BRUSH  SPECIES 

By  far  the  most  abundant  brush  species  of  the 
sagebrush-grass  rangelands  is  big  sagebrush 
with  its  three  subspecies  tridentata, 
wyomingensis ,  and  vaseyana.   On  specific  sites 
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other  species  of  sagebrush  dominate,  e.g.  low 
sagebrush  (A.  arbuscula)  and  alkali  sagebrush 
(A.  longiloba)  usually  occur  on  shallow  soils, 
black  sagebrush  (A.,  nova)  usually  is  associated 
with  carbonate  soils,  and  silver  sagebrush  (A. 
cana)  is  found  primarily  on  wet  sites. 

Representing  serai  stages  after  disturbances 
and  on  many  sites  occurring  as  either 
codominant  or  subdominant  with  big  sagebrush 
are  green  and  gray  rabbitbrush  (Chrysothamnus 
viscidif lorus  and  C_.  nauseosus)  and  horsebrush 
(Tedradymia  canescens) .   Other  brush  species 
occurring  in  some  stands  are  species  of  Ribes, 
Ephedra,  and  Prunus. 

HERBICIDES  AND  THEIR  APPLICATION  FOR  BRUSH 
CONTROL 

What  to  Spray 

The  discovery  of  2,4-D  [  (2  ,4-dichlorophenoxy) 
acetic  acid]  as  a  plant  growth  regulator  in 
1942  began  the  development  of  synthetic 
hormones  for  weed  control  (Bovey  1971). 

After  World  War  II,  several  scientists 
independently  recognized  the  potential  of  2,4-D 
in  controlling  sagebrush  for  the  release  of 
perennial  grasses.   This  herbicide  is  currently 
registered  by  the  Environmental  Protection 
Agency  (EPA)  for  use  on  sagebrush-grass 
rangelands. 

Among  the  first  to  demonstrate  the 
effectiveness  of  2,4-D  for  controlling  big 
sagebrush  were  Elwell  and  Cox  (1950),  Cornelius 
and  Graham  (1951),  and  Hull  and  Vaughn  (1951). 
Working  independently,  Hyder  (1953) 
demonstrated  its  usefulness  in  eastern  Oregon, 
and  Bohmont  (1954)  and  Hull  and  others  (1952) 
demonstrated  its  usefulness  in  Wyoming. 
Gradually,  guidelines  were  developed  to  help 
ensure  the  success  of  spray  application.   As 
the  brush  control  program  with  2,4-D  became 
widespread,  there  were  a  few  failures,  almost 
all  of  which  can  be  traced  to  violations  of  the 
initial  guidelines. 

Although  2,4-D  is  very  effective  in  controlling 
sagebrush,  other  brush  species  either  occurring 
alone  or  in  mixed  stands  with  sagebrush  are 
more  resistant  to  this  herbicide.   Effective 
control  of  green  rabbitbrush  by  2,4-D  requires 
careful  timing  of  application  in  relation  to 
its  phenology,  air  temperature,  and  available 
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soil  moisture.   There  are  some  years  when  2,4-D 
cannot  adequately  control  green  rabbitbrush  or 
when  the  period  of  susceptibility  is  so  short 
that  only  small  areas  can  be  treated.   These 
problems  have  been  lessened  by  the  use  of  more 
recently  developed  herbicides  that  translocate 
better  and  control  green  rabbitbrush  more 
effectively  than  2,4-D.   Also,  additional 
research  is  warranted  on  improving  efficacy  of 
2,4-D  for  brush  control  with  improved  application 
technology  relative  to  equipment  modifications; 
use  of  different  total  volumes  of  spray,  and 
improved  surfactants,  additives  and  carriers;  and 
the  use  of  remote  sensing  to  more  accurately 
predict  the  periods  of  optimum  susceptibility. 

The  most  effective  and  widely  tested  of  the 
alternative  herbicides  has  been  picloram 
(4-amino-3 ,5 ,6-trichloropicolinic  acid) . 
Relatively  low  rates  of  picloram  have  been  shown 
to  be  extremely  effective  for  control  of  green 
rabbitbrush  (Tueller  and  Evans  1969;  Cook  and 
others  1965).   Picloram  does  not  control  big 
sagebrush  at  these  rates,  so  2,4-D  must  be 
applied  with  the  picloram  for  control  of  both 
species.   Picloram  has  not  been  marketed  as  a 
mixture  with  low-volatile  esters  (l.v.e.)  of 
2,4-D.   Tank  mixtures  of  potassium  salts  of 
picloram  and  l.v.e.  of  2,4-D  have  been  effective 
in  aerial  applications  to  mixed  stands  of  green 
rabbitbrush  and  big  sagebrush  (Evans  and  Young 
1975). 

Picloram  has  been  registered  for  application 
either  alone  or  in  tank  mixtures  with  2,4-D  for 
control  of  rabbitbrush  and  other  brush  species  on 
rangelands  by  EPA  with  a  Special  Local  Needs 
Label  for  Idaho,  Nevada,  Oregon,  Utah,  and 
Washington.   A  Supplemental  Use  Label  has  been 
issued  for  control  of  weed  and  brush  species, 
including  rabbitbrush,  in  Wyoming. 

Tebuthiuron  (N-[5-(l , 1 -dime thy lethyl)-l ,3, 
4-thiadiazol-2yl]  -N,  >J  -dimethylurea]  and 
dicamba  (3 ,6-dichloro-anisic  acid)  are  both 
registered  for  brush  control  on  rangelands  by  EPA 
but  there  are  very  few  publications  verifying 
their  efficacy  in  the  sagebrush-grass  rangelands. 
Britton  and  Sneva  (1981)  indicated  that 
frequencies  of  big  sagebrush  and  low  sagebrush 
were  severely  reduced  by  1.8  lb/acre  (2  kg/ha)  of 
tebuthiuron  (20  percent  a.i.  pellets)  and  green 
rabbitbrush  was  virtually  eliminated  by  3.6 
lb/acre  (4  kg/ha).   At  these  rates,  accompanying 
perennial  grasses  were  also  damaged. 

Further  studies  in  Oregon  with  tebuthiuron  at 
lower  rates  indicate  control  of  big  sagebrush  of 
80  percent  with  0.87  lb/acre  (1  kg/ha),  58 
percent  with  0.75  lb/acre  (0.8  kg/ha),  and  35 
percent  with  0.5  lb/acre  (0.6  kg/ha)  a.i.  of  the 
20  percent  pellets,  respectively—.   No 
significant  damage  was  seen  on  perennial  grasses 
when  tebuthiuron  was  applied  at  these  rates.   At 
this  time,  2,4-D  is  the  principal  and  the  most 
practical  herbicide  for  brush  control  on 
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sagebrush-grass  rangelands.   Big  sagebrush  is 
usually  controlled  by  2  lb/acre  (2.2  kg/ha)  of 
2,4-D.   With  mixed  stands  of  sagebrush  and 
green  rabbitbrush  control  can  be  effective  with 
either  3  lb/acre  (3.4  kg/ha)  of  2,4-D  or  a 
mixture  of  0.5  lb/acre  (0.6  kg/ha)  of  picloram 
and  2  lb/acre  (2.2  kg/ha)  of  2,4-D. 

Where  to  Spray 

The  choice  of  the  proper  site  for  a  spray 
application  is  the  most  important  factor  in 
ensuring  the  success  of  the  herbicide  treatment 
as  a  range  improvement  practice.   It  does  no 
good  to  kill  the  brush  if  no  perennial  grasses 
are  available  to  take  advantage  of  the  released 
environmental  potential  (Alley  1956).   Hyder 
and  Sneva  (1965)  developed  the  rule-of-thumb 
that  only  if  one  could  step  from  plant  to  plant 
of  desirable  perennial  grass  species,  would 
there  be  enough  perennials  to  permit  a  forage 
response  and  to  prevent  the  invasion  of  annual 
grasses  or  other  desirable  species. 

The  best  sites  to  spray  are  old,  even  aged, 
stands  of  big  sagebrush  with  many  mature 
plants.   Errors  can  be  made  by  spraying  sites 
of  low  sagebrush  and  expecting  them  to  be  as 
productive  as  big  sagebrush  sites.   Eckert  and 
others  (1972)  reported  an  average  increase  of 
436  lb/acre  (488  kg/ha)  total  forage  production 
at  nine  locations  in  northern  Nevada  with  low 
sagebrush  control  of  96  to  100  percent.   Errors 
can  be  made  by  spraying  sites  with  desirable 
species  such  as  bitterbrush  (Purshia 
tridentata) ,  which  can  lead  to  confrontations 
between  range  managers  and  wildlife  biologists. 
These  confrontations  are  unnecessary,  because 
careful  selection  of  sites  to  be  sprayed  can 
prevent  them.   Also,  by  application  of  timing 
techniques  developed  by  Hyder  and  Sneva  (1962), 
big  sagebrush  can  usually  be  removed  from  a 
site  without  killing  the  desirable  bitterbrush. 

Errors  were  also  made  in  choosing  sites  with 
large  populations  of  green  or  gray  rabbitbrush 
or  horsebrush.   These  root-sprouting  species 
are  relatively  difficult  to  control,  and 
improper  application  of  2,4-D  to  sites  with 
these  species  often  released  them  from 
competition  by  big  sagebrush  (Robertson  and 
Cords  1957). 

When  to  Spray 

Big  sagebrush  is  most  susceptible  to  2,4-D  when 
it  is  growing  rapidly  in  the  spring.   Because 
big  sagebrush  has  persistent  leaves,  its 
phenology  is  difficult  to  measure.   Hyder 
(1954)  used  the  phenology  of  the  native 
perennial  grass,  Sandberg  bluegrass  (Poa 
sandbergii)  to  estimate  the  correct  time  for 
applying  herbicides.   He  concluded  that  the 
correct  time  for  spraying  in  eastern  Oregon 
extended  from  the  heading  of  Sandberg  bluegrass 
until  one-half  of  the  green  color  was  gone. 
Measurements  of  soil  moisture  were  determined 
to  be  important  in  estimating  the  correct  time 
for  herbicide  application,  which  generally  was 
the  month  of  May.   However,  on  shallow  soils  or 
south  slopes,  the  correct  application  time  may 
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be  earlier  and  of  much  shorter  duration  and  in 
wet  years  it  may  be  later  and  of  much  longer 
duration. 

In  Wyoming  a  more  reliable  way  of  estimating  the 
correct  timing  of  herbicide  application  was  from 
the  phenology  of  big  sagebrush  itself  rather  than 
reliance  on  that  of  other  species  (H.  P.  Alley, 
personal  communication). 
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In  mixed  stands  of  big  sagebrush  and  rabbitbrush, 
herbicide  application  should  be  timed  with  the 
phenology  of  rabbitbrush  because  of  its  usually 
shorter  period  of  susceptibility. 

Prediction  of  the  optimum  date  for  application  of 
2,4-D  to  green  rabbitbrush  is  essential  because 
herbicide-mixing  facilities,  aircraft,  and 
flagging  crews  must  be  prepared  in  advance  if 
they  are  to  be  ready  for  the  application  at  the 
often  remote  sites  by  the  chosen  date. 

Prediction  is  complicated  by  the  phenology 
pattern  of  growth  for  green  rabbitbrush,  in  which 
40  percent  of  the  current  year's  growth  can  occur 
within  ?   weeks  before  the  optimum  application 
date  (Young  and  Evans  1974b)  .   Prediction  is 
further  complicated  by  the  interaction  of  age  and 
competition  on  the  growth  rate  and  phenology  of 
green  rabbitbrush.   Young  stands  grow  faster  than 
old  stands  that  are  competing  with  big  sagebrush 
plants. 

Color  infrared  photography  can  be  used  to  predict 
the  optimum  spray  date  for  green  rabbitbrush 
(Evans  and  others  1973;  Young  and  others  1976). 
This  method  has  the  advantage  of  enabling  the 
collection  of  large,  statistically  precise 
samples  from  remote  areas  in  a  very  short  time. 
A  single  trained  interpreter  can  predict  the 
optimum  application  date  from  photographs  and 
return  a  recommendation  within  24  hours. 

How  to  Spray 

Aerial  applications  of  2,4-D  are  the  most 
practical  to  control  big  sagebrush  on  large 
areas.   Prevailing  recommendations  today  are  to 
spray  2  lb/acre  (2.2  kg/ha)  of  low  volatile 
esters  of  2,4-D  in  5  gal/acre  (47  1/ha)  of  water 
for  big  sagebrush  control.   When  green 
rabbitbrush  occurs  in  the  stand  it  is  necessary 
to  increase  the  rate  of  2,4-D  to  3  lb/acre  (3.3 
kg/ha)  for  acceptable  control. 


Original  recommendations  called  for  the  butyl 
or  isopropyl  ester  to  be  applied  at  1.0  to  1.5 
lb  a. i. /acre  (1.1  to  1.7  kg  a. i. /acre)  with 
sufficient  water  for  application  at  5  gal/acre 
(47  1/ha).   Low-volatile  esters  were 
recommended  where  big  sagebrush  was  hard  to 
control.   Some  range  managers  preferred  diesel 
oil  to  water  as  a  carrier,  but  the  increase  in 
efficiency  of  weed  control  seldom  justified  the 
increase  in  cost. 

In  an  assessment  of  spraying  for  control  of  big 
sagebrush  in  the  Vale  project  in  southeastern 
Oregon,  Heady  and  Bartolome  (1977)  concluded 
that  no  clear-cut  advantage  was  gained  by  the 
use  of  oil  as  a  carrier.   However,  many  land 
managers  and  some  scientists  (H.  P.  Alley, 
personal  communication)  strongly  believe  that 
oil  is  a  better  carrier  than  water  for  applying 
2,4-D  to  big  sagebrush. 

Errors  made  in  spraying  for  big  sagebrush 
control  include  improper  mixing  of  the 
herbicide  and  carrier,  flying  too  high  or  fast, 
and  improper  marking  of  sites  to  be  sprayed 
during  herbicide  application  (Pechanec  and 
others  1965) .   Such  errors  are  probably  less 
important  than  errors  in  the  timing  of  spraying 
(F.  A.  Sneva,  personal  communication). 

To  spray  small  areas  or  places  remote  form 
agricultural  areas  where  aerial  applicators  may 
be  difficult  to  obtain,  a  ground  sprayer  for 
herbicide  application  may  be  more  practical 
than  aerial  application.   Young  and  others 
(1979)  have  modified  readily  available 
power-ground  sprayers  to  permit  their  use  on 
sagebrush  rangelands. 

TENURE  OF  GRASS  DOMINANCE  AFTER  RELEASE 

How  long  do  perennial  grasses  remain  dominant 
after  release  from  shrub  competition?   This  is 
one  of  the  most  perplexing  questions  involved 
in  economic  evaluations  of  the  use  of 
herbicides  for  brush  control  in 
sagebrush/grasslands  (Johnson  1969;  Sneva 
1972) .   Some  grass  communities  are  reinvaded  by 
shrubs  almost  immediately  after  brush  control. 
Very  few  stands  have  remained  virtually 
shrubfree  for  years  (Weldon  and  others  1958). 
Sneva  (1972)  believed  that  sagebrush  control  in 
the  Great  Basin  lasts  longer  than  sagebrush 
control  from  similar  treatments  in  Wyoming 
because  of  the  intense  summer  drought  in  the 
Great  Basin,  which  limits  seedling 
establishment  of  shrubs.   Other  scientists 
believe  that  Johnson's  (1969)  estimate  of  the 
useful  life  of  sprayed  areas  in  Wyoming  was  too 
short,  because  the  stands  he  studied  did  not 
initially  have  complete  shrub  control  (H.  P. 
Alley,  personal  communication). 

Competition  between  big  sagebrush  and  perennial 
grasses  has  been  studied  for  many  years 
(Robertson  and  Pearse  1945;  Blaisdell  1948; 
Cook  1958).   Working  with  crested  wheatgrass 
(Agropyron  desertorum)  and  Wyoming  big 
sagebrush  (A.  tridentata  subsp.  wyomingensis) , 
Rittenhouse  and  Sneva  (1976)  reported  that 
perennial  grass  production  declined  3.3  to  5.7 
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percent  for  every  1  percent  increase  in  brush 
crown  cover. 

On  public  lands,  the  maintenance  of  mixed  stands 
of  perennial  grasses,  forbs,  and  shrubs  is  a  goal 
of  multiple-use  management,  even  though  maximum 
forage  production  may  result  only  with  minimum 
density  of  big  sagebrush.   In  keeping  with  this 
goal,  the  guidelines  of  most  public  land 
management  agencies  specify  that  spraying  of  big 
sagebrush  is  to  provide  only  incomplete  control 
of  shrubs.   The  goal  is  desirable,  but  the 
methodology  for  achieving  it  may  be  faulty. 
Studies  by  Young  and  Evans  (1974a)  have  shown 
that  partial  control  of  shrubs  (15  to  65  percent) 
can  lead  to  dramatic  increases  in  shrub  density 
through  increased  seed  production  and  seedling 
establishment.   Almost  complete  control  of  shrubs 
(85  to  98  percent)  on  some  areas  with  no  control 
on  adjacent  ones  may  be  a  more  effective 
alternative.   The  dynamics  of  both  partial 
control  of  shrubs  in  relation  to  perennial  grass 
density  and  the  post-treatment  invasion  of  shrubs 
into  grass-dominated  communities  are  aspects  of 
sagebrush/grasslands  ecology  that  merit  further 
study. 

HERBACEOUS  WEEDS 

Within  the  sagebrush/grasslands,  control  of 
herbaceous  weeds  is  predominantly  the  control  of 
alien  annuals  to  allow  the  establishment  of 
seedlings  of  desirable  perennials.   The  secondary 
successional  role  of  native  herbaceous  species 
has  been  almost  entirely  preempted  by  downy  brome 
(Bromus  tectorum)  and  associated  alien  species 
(Piemeisel  1938). 

Sites  dominated  by  downy  brome  are  largely  closed 
to  the  establishment  of  perennial  grass  seedlings 
(Robertson  and  Pearse  1945) .   Attempts  to 
introduce  wheatgrass  in  downy  brome  sites  bv 
seeding  generally  have  failed  unless  the  site  was 
first  fallowed  by  mechanical  methods  (Hull  and 
Holmgren  1964). 

The  alien  annual  grass  medusahead  (Taeniatherum 
asperum)  has  invaded  portions  of  Oregon, 
California,  Washington,  and  Idaho  (Young  and 
Evans  1970).   Medusahead  invasion  in  the 
sagebrush/grasslands  is  largely  restricted  to  low 
sagebrush  sites  (Young  and  Evans  1971). 

Paraquat 

The  herbicide  paraquat  (1 , 1 ' -dimethyl-4 , 
4'-bipyridinium  ion)  was  first  used  for  downy 
brome  control  on  sites  to  be  reseeded  because  of 
its  relatively  unique  characteristic  of  being 
deactivated  upon  absorption  to  the  soil.   This 
characteristic  permits  the  spraying  of  paraquat 
at  0.5  to  1.0  lb/acre  (0.6  to  1.1  kg/ha)  and  the 
immediate  seeding  of  wheatgrasses  (Evans  and 
others  1967) .   Paraquat  is  registered  by  EPA  for 
specific  use  on  sagebrush  rangelands.   It  is  a 
restricted-use  herbicide  because  of  its  high 
mammalian  toxicity.   Proper  care  must  be 
exercised  in  its  use. 


If  in  the  annual  community  being  treated  with 
paraquat  contained  tumble  mustard  (Sisymbrium 
altissimum)  2,4-D  at  0.5  lb/acre  (0.6  kg/ha) 
was  added  for  control  of  this  species. 
Paraquat,  a  contact  herbicide,  must  be  applied 
after  the  downy  brome  has  emerged.   In  most  of 
the  sagebrush/grasslands  this  makes  spring 
seeding  necessary. 

Under  the  environmental  conditions  of  the 
sagebrush/grasslands,  it  is  difficult  to 
consistently  control  downy  brome  with  aerially 
applied  paraquat  even  though  ground 
applications  are  always  effective.   The 
addition  of  proper  surfactants  enhances  the 
effectiveness  of  ground  applications  of 
paraquat  (Evans  and  Eckert  1965) . 

Atrazine  Fallow 

After  evaluating  large  numbers  of  soil-active 
herbicides,  Evans  and  others  (1969)  determined 
that  atrazine  [ 2-chloro-4-(ethylamino)-6- 
(isopropylamino)-s-triazine]  was  the  best 
candidate  for  creating  herbicidal  fallows.   The 
characteristics  evaluated  were  spectrum  of  weed 
control,  consistency  of  performance  among  years 
and  amount  of  herbicide  residue  1  year  after 
application. 

The  atrazine-f allow  technique  was  developed 
(Eckert  and  Evans  1967)  and  tested  extensively 
(Eckert  and  others  1974).   Atrazine  is 
registered  by  EPA  for  specific  uses  on 
sagebrush  rangelands.   The  atrazine  is  applied 
at  1.0  lb/acre  (1.1  kg/ha)  in  the  fall  and  a 
fallow  is  created  during  the  next  growing 
season.   The  area  is  seeded  to  wheatgrasses  1 
years  after  the  herbicide  is  applied.   The 
amount  of  herbicide  residue  that  is  present  at 
the  time  of  seeding  is  critical  in  the  success 
of  seedling  establishment  (Eckert  and  others 
1972;  Eckert  1974).   Seedling  success  is 
enhanced  by  seeding  wheatgrasses  in  the  bottom 
of  furrows  made  with  a  modified  rangeland  drill 
(Asher  and  Eckert  1973).   The  furrow  provides  a 
favorable  microenvironment  for  seedling 
establishment  (Evans  and  others  1970)  and 
removes  herbicide  residues  on  the  soil  surface 
to  the  area  between  the  furrows. 

The  atrazine-fallow  technique  works  equally 
well  on  medusahead  and  downy  brome  (Young  and 
Evans  1971). 

WEED-CONTROL  SYSTEMS 

The  development  of  techniques  has  been 
described  for  controlling  excessively  dense 
stands  of  big  sagebrush  and  releasing  native 
perennial  grasses.   It  has  been  stressed  that 
sites  without  enough  perennial  grasses  to 
preempt  the  environmental  potential  released  by 
killing  the  brush  should  not  be  sprayed.   If 
such  degraded  big  sagebrush  sites  are  not 
invaded  by  downy  brome,  the  brush  can  be 
sprayed  and  a  heavy-duty  rangeland  drill  used 
to  seed  in  the  standing  dead  brush  (Kay  and 
Street  1961).   For  most  sites,  the  use  of  a 
rangeland  drill  modified  to  make  furrows 
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enhances  seedling  establishment  (Asher  and  Eckert 
1973). 

For  big  sagebrush  communities  in  which  the 
perennial  grasses  are  gone  and  downy  brome  has 
invaded  the  shrub  understory,  it  is  possible  to 
combine  in  sequence  2,4-D  and  atrazine-fallow 
treatments  into  a  weed-control  system  (Evans  and 
Young  1977).   The  system  can  be  used  by  (a) 
applying  the  atrazine  in  the  fall  and  the  2,4-D 
the  next  spring,  (b)  applying  the  2,4-D  in  the 
spring  and  the  atrazine  the  next  fall,  or  (c) 
applying  a  mixture  of  both  herbicides  in  the 
spring  at  the  optimum  date  for  brush  control. 

Atrazine  fallows  make  excellent  seedbeds  for 
transplanting  seedlings  of  desirable  browse 
species  (Christensen  and  others  1974) .   Shrub 
transplanting  can  also  be  adapted  to  weed-control 
systems  in  which  atrazine  and  2,4-D  are  used 
(Evans  and  Young  1977). 

MANAGEMENT 

From  the  very  beginning  of  research  on  control  of 
big  sagebrush,  range  scientists  have  stressed 
that  probably  more  programs  failed  for  lack  of 
post-treatment  management  than  for  any  other 
reason  except  the  choice  of  sites  with  too  few 
perennial  grasses. 

Ideally,  areas  treated  with  2,4-D  for  control  of 
big  sagebrush  should  be  allowed  to  rest  the 
season  after  spraying  and  should  not  be  grazed 
the  next  season  until  after  the  seeds  of  the 
perennial  grasses  are  ripe.   Subsequently,  proper 
grazing  management  must  be  practiced  to  maintain 
the  perennial  grass  stand.   Such  management 
requires  fencing  and  water-source  development. 
All  too  often  the  sprayed  areas  have  been  the 
only  productive  areas  in  grazing  allotments,  and 
the  lack  of  post-treatment  management  has  allowed 
overutilization  of  the  perennial  grasses  that 
were  released  from  competition  when  the  brush  was 
killed. 

In  degraded  rangelands  where  big  sagebrush  is 
sprayed  and  perennial  grasses  are  seeded  or 
browse  species  are  transplanted  into  the  dead 
brush,  grazing  must  be  delayed  for  1  to  3  years 
to  protect  the  seedlings  and  young  plants  from 
damage  until  they  become  established. 
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THE  APPLICATION  AND  USE  OF  HERBICIDES  FOR  RANGE  PLANT  CONTROL 
John  F.  Vallentine 


ABSTRACT:   Herbicides  are  an  effective,  necess- 
ary, and  environmentally  sound  tool  for  the 
control  of  weeds  and  brush  on  rangelands. 
Failure  to  consider  this  alternative  approach  to 
plant  control  can  seriously  handicap  or  even 
prevent  proper  maintenance  and  improvement  of 
rangelands.   Selective  plant  control  by  mechani- 
cal, biological,  fire,  or  manual  means  should 
also  be  considered  but  is  not  always  a  satisfac- 
tory alternative  to  chemical  control.   Any  person 
who  is  involved  or  contemplates  being  involved  in 
the  development  of  rangelands  must  be  well  versed 
in  the  properties  and  proper  use  of  herbicides. 


INTRODUCTION 

New  herbicides,  new  formulations,  new  application 
techniques,  and  new  uses  for  herbicides  have  been 
developed  for  rangelands  in  recent  years.   The 
effects  of  environmental  factors  on  herbicidal 
effectiveness  are  now  better  understood,  and 
safeguards  have  been  developed  for  range  and 
pasture  application  of  herbicides  with  minimum 
risk  of  injury  or  damage  to  other  portions  of  the 
environment.   As  a  result,  chemical  control  is 
probably  the  most  widely  used  means  of  removing 
unwanted  or  noxious  plants  from  range  and  other 
pasture  lands. 

Although  the  potential  uses  of  herbicides  on 
rangelands  are  much  greater  than  indicated  by 
this  list,  some  of  the  proven  benefits  and  uses 
are  as  follows: 

1.  Selective  control  of  undesirable  plants  as  a 
primary  treatment  while  benefiting  desirable 
forage  species. 

2.  Combination  treatment  with  mechanical,  fire, 
or  biological  methods. 

3.  Maintenance  control  or  retreatment  when 
applied  periodically  following  primary  treatment. 

4.  Eradication  of  small  infestations  of  serious 
plant  pests,  i.e.  environmental  contaminants  not 
previously  found  locally. 

5.  Release  of  closed  communities  over  which 
undesirable  woody  or  even  herbaceous  plants  have 
gained  dominance. 

6.  Eradication  of  poisonous  plants  limited  to 
sites  suitable  for  such  intensive  treatment. 

7.  Thinning  and  removal  of  trash  trees  in  commer- 
cial forests,  thereby  enhancing  herbaceous  and 
browse  understory  as  well  as  timber  production. 
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8.  Destruction  of  phreatophytes  and  other  water 
wasting  plants. 

9.  Rejuvenation  of  tall  shrubs  and  low  trees  for 
big  game  by  top  killing  and  stimulating  new 
growth  from  sprouts  and  seedlings. 

10.  Total  plant  kill  to  meet  the  needs  of  chemi- 
cal seedbed  preparation  for  range  seeding  or 
planting. 

Range  managers  who  lack  expertise  in  the  use  of 
herbicides  should  consider  university  credit 
courses,  extension  shortcourses,  and  self  study 
of  training  materials.   Handbooks  and  manuals 
suggested  for  planning  and  carrying  out  plant 
control  programs  on  Intermountain  rangelands, 
including  the  use  of  herbicides,  include  Bohmont 
(1981) ,  Klingman  and  others  (1982)  ,  Vallentine 
(1980) ,  and  Weed  Science  Society  of  America 
(1979) .   An  expanded  list  of  references  on 
herbicide  use  can  be  found  at  the  end  of  this 
article.   Martinelli  and  others  (1982)  recommend 
all  range  managers  take  advantage  of  the  program 
for  training  and  certification  of  pesticide 
applicators.   They  conclude  that  these  schools, 
now  being  offered  in  most  states  with  EPA  approv- 
al and  financing,  can  be  extremely  valuable  as  a 
refresher  program  even  if  one  does  not  plan  to 
apply  restricted  herbicides.   The  opportunities 
for  developing  expertise  in  the  use  of  herbicides 
are  within  reach  of  every  range  manager. 


ADVANTAGES  AND  DISADVANTAGES  OF  HERBICIDE  USE 

Herbicidal  control  has  distinct  advantages  over 
other  plant  control  methods,  and  these  explain 
the  current  widespread  use  of  herbicides,  partic- 
ularly on  private  lands.   These  general  advan- 
tages include: 

1.  Can  be  used  where  mechanical  methods  are 
impossible,  such  as  on  steep,  rocky,  or  muddy 
sites  or  on  many  timbered  sites. 

2.  Provides  a  selective  means  of  killing  sprout- 
ing plants  that  cannot  be  effectively  killed  by 
top  removal  only. 

3.  Provides  a  rapid  control  method  from  the 
standpoint  of  both  plant  response  and  acreage 
covered  when  broadcast  applied. 

4.  Has  low  labor  and  fuel  requirements. 

5.  Phenoxy  herbicides  are  generally  cheaper  than 
mechanical  control  methods,  but  may  cost  more 
than  prescribed  burning. 

6.  Most  herbicides  are  selective  or  can  be 
selectively  applied  so  that  damage  to  desirable 
plant  species  can  be  minimized. 

7.  Maintains  a  grass  and  litter  cover  and  does 
not  expose  soil  to  erosion. 
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8.  Safe  and  reliable  when  proper  safeguards  are 
followed. 

9.  Can  often  utilize  regular  farm  and  ranch  spray 
equipment. 

Disadvantages  of  using  chemicals  to  control 
undesirable  range  plants  do  exist,  but  recogniz- 
ing them  may  permit  minimizing  or  circumventing 
them: 

1.  No  chemical  control  has  yet  proven  effective 
or  practical  for  some  species. 

2.  Herbicides  provide  a  desirable,  non-competi- 
tive seedbed  for  artificial  seeding  only  under 
certain  situations. 

3.  Costs  of  control  may  outweigh  expected  bene- 
fits on  low-potential  range. 

4.  The  careless  use  of  chemicals  can  be  hazardous 
to  non-target  plants  in  the  stand,  to  cultivated 
crops  or  other  non-target  sites  nearby,  or  may 
contaminate  water  supplies. 

5.  Lack  of  selectivity  may  result  in  killing 
associated  forbs  and  shrubs  important  for 
grazing. 

Greater  selectivity  can  be  realized  with  herbi- 
cides by  carefully  controlling  the  application 
rate,  fully  considering  the  relative  growth 
stages  of  the  target  and  non-target  plant 
species,  using  appropriate  or  even  differential 
application  techniques,  and  using  adequate  but 
not  excessive  amounts  of  surfactants.   Selective 
herbicides  generally  become  non-selective  when 
applied  at  excessive  rates.   Reduced  suscepti- 
bility periods  of  desirable  species  in  the  plant 
composition  can  often  be  found  and  followed.   For 
example,  2,4-D  should  be  applied  as  early  as  good 
big  sagebrush  kill  can  be  obtained  in  order  to 
reduce  damage  to  bitterbrush.   Spraying  at  the 
time  of  leaf  origin  in  bitterbrush,  and  before 
the  appearance  of  distinct  twig  elongation  or 
flowering,  generally  causes  only  slight  damage  to 
large  bitterbrush  plants.   Selective  application 
methods,  as  discussed  later,  permit  non-selective 
herbicides  to  be  used  selectively. 

Eradication,  i.e.  complete  removal  or  kill, 
including  reproduction  potential,  of  undesirable 
range  plants  over  large  acreages  is  seldom 
feasible  or  even  possible  but  may  have  local 
application.   Areas  treated  with  herbicides — and 
by  most  other  control  treatments  as  well — tend  to 
become  reinfested.   This  results  from  sprouting 
of  the  noxious  woody  and  herbaceous  species,  by 
seedlings  arising  from  seeds  present  in  the  soil 
or  brought  in  accidentally,  or  by  seedlings 
coming  from  plants  missed  in  the  initial  treat- 
ment.  Limiting  the  control  level  of  brush 
species  or  spraying  in  narrow  strips  contribute 
to  reinvasion  and  selective  grazing  patterns  and 
should  be  avoided.   When  vegetation  mosaics  are 
desired,  such  as  for  wildlife,  larger  blocks  of 
sprayed  and  unsprayed  areas  are  suggested,  with 
the  lower  potential  sites  being  left  unsprayed. 


convenience,  these  are  divided  into  foliage 
application,  stem  application,  and  soil  applica- 
tion: 

I.  Foliage  application 

A.  Spray 

1 .  Broadcast 

a.  Aerial  (airplane  or  helicopter) 

b.  Ground 

(1)  Non-directional  (boom  sprayers 
and  mist  blowers) 

(2)  Directional 

(a)  In-row  (rowed  plants 
physically  protected  from 
spray) 

(b)  Strip  (chemical  seedbed 
preparation  for 
interseeding) 

B.  Wipe-on  (rope  wicks,  rollers,  or  sponge 
bars) 

C.  Dust  (unimportant  on  range) 

II.  Stem  application  (individual  plant) 

A.  Trunk  base  spray  (may  be  enhanced  by  use 
of  frills  or  notches) 

B.  Trunk  injection 

C.  Cut  stump  treatment 
III.  Soil  application 

A.  Broadcast  (spray,  granules,  or  pellets) 

B.  Grid  ball  (spaced  placement  of  pellets) 

C.  Individual  plant  or  motte 

1.  Soil  injection  (liquid) 

2.  Soil  surface  placement  (around  stem 
base  or  spread  under  canopy) 

Broadcast  spray  application  has  been  the  most 
commonly  used  method  on  rangelands.   Since  the 
herbicide  is  applied  to  all  plants  on  the  site 
when  broadcast,  desirable  as  well  as  undesirable, 
selective  herbicides  are  required.   Broadcast 
spray  applications  can  be  made  either  by  ground 
rigs  or  by  aerial  application.   When  herbicides 
are  applied  by  ground  rigs,  a  spray  volume  of  10 
gal/acre  (26.12  1/ha)  is  common  but  may  vary  from 
5  to  40  gal  (13.06  to  104.48  1/ha)  depending  upon 
need.   With  aerial  application,  spray  volume  can 
be  reduced  down  to  1  to  3  gal/acre  (2.61  to  7.83 
1/ha),  with  ultra-low  volumes  down  to  0.50  or 
even  0.25  gal/acre  (1.31  to  0.65  1/ha)  being 
satisfactory  in  some  situations. 

The  comparative  advantages  of  using  broadcast 
ground  application  versus  aerial  application  of 
herbicide  sprays  are  as  follows: 

Broadcast  ground  application 

1.  Adapted  to  small  acreages. 

2.  No  landing  strip  required  (pad  only  required 
for  helicopter) 

3.  Less  drifting  and  less  subject  to  fog  or  wind. 

4.  Commercial  equipment  often  not  required. 

5.  Safer  for  applicators. 

Aerial  application 


HERBICIDE  APPLICATION  METHODS 

Several  methods  are  available  for  applying 
herbicides  to  undesirable  range  plants.   For 


1.  Faster  coverage 

2.  Adapted  to  wet,  rough,  or  rocky  ground  or 


40 


steep  slopes. 

3.  Lower  cost  per  acre  on  most  large  acreages. 

4.  No  mechanical  disturbance  of  soil  or 
vegetation. 

5.  Better  coverage  of  tall,  dense  brush  or  tree 
stands . 

Although  fixed-wing  aircraft  are  more  commonly 
used,  helicopters  are  advantageous  in  some 
situations.   Helicopters  require  no  landing 
strip,  are  interfered  with  less  by  trees,  snags, 
and  steep  terrain,  permit  slower  airspeed  for 
application,  and  have  greater  maneuverability. 
However,  they  are  generally  less  available  when 
needed,  have  reduced  lifting  power  in  thin,  warm 
air,  have  reduced  payload  (50  to  150  gal  [189 
to  568  1]  compared  to  125  to  600  gal  [473  to 
2271  1] ) ,  and  are  more  costly  per  acre  on  larger 
projects. 

Foliage  spray  application  with  ground  rigs 
generally  utilize  boom  applicators  that  are  as 
narrow  as  4  ft  (1.22  m)  for  hand  application  to 
as  wide  as  100  ft  (30.48  m)  for  self  propelled 
systems.   However,  boomless  ground  applicators 
have  been  used  conveniently  in  tall  brush,  along 
fence  rows,  or  in  very  rough  terrain.   Such  mist 
blowers  have  also  found  use  in  applying  low, 
defoliation  levels  of  phenoxy  herbicides  using 
crosswinds  of  5  to  12  mph  (8.05  to  19.32  km/hr) , 
thereby  permitting  strips  up  to  100  ft  (30.48 
meters)  wide  being  covered.   Wiper  applicators 
have  permitted  taller,  noxious  plants  being 
controlled  with  non-selective  herbicides  without 
damaging  lowgrowing,  desirable  plants.   Wiper 
applicators  also  have  advantages  in  applying 
selective  herbicides  to  herbaceous  plants  in  that 
low  volume  is  required,  the  amount  of  herbicide 
is  reduced,  spray  drift  is  eliminated,  and  low 
cost  equipment  can  be  used. 

Individual  plant  treatments  including  wetting 
sprays,  stem  application,  or  soil  application  may 
have  advantages  over  broadcast  application  for 
spot  infestations,  for  widely  scattered  plants, 
on  terrain  which  is  too  rough  for  wheeled  machin- 
ery, or  where  only  a  small  portion  of  the  plants 
are  to  be  removed,  such  as  in  commercial  forests. 
Individual  plant  treatment  generally  allows 
non-selective  herbicides  to  to  be  used  selective- 
ly through  positive  control  of  spray  direction. 
However,  individual  plant  treatments  have  a  high 
cost  per  plant,  high  labor  demand,  slow  job 
completion,  and  the  difficulty  of  reaching  plants 
over  6  feet  high.   Hand-held  boom  sprayers  or  mist 
blowers  provide  advantages  somewhat  intermediate 
between  broadcast  application  and  individual 
plant  treatment. 

Soil-active  herbicides  may  be  selective  or  non- 
selective and  have  either  temporary  or  lasting 
effects.   Herbicides  such  as  dicamba,  picloram, 
and  triclopyr  are  effective  when  either  soil-  or 
foliage-applied.   Atrazine,  fenac,  karbutilate, 
2,3,6-TBA,  and  tebuthiuron  are  effective  only 
when  applied  to  the  soil.   Soil-active  only 
herbicides  are  generally  applied  as  dry  granules 


or  pellets  since  vegetation  will  intercept  some 
or  most  of  the  spray,  but  other  soil-active 
herbicides  can  be  applied  in  either  dry  or  liquid 
form. 

Soil  injection,  soil  surface  placement  around 
stem  base,  application  in  continuous  narrow  bands 
underground,  or  use  of  the  grid-ball  technique 
permit  non-selective  herbicides  to  be  used  with 
significantly  reduced  herbaceous  plant  injury. 
The  gridball  technique  provides  for  placing 
pellets  in  grid  fashion,  resulting  in  columns  of 
active  herbicide  in  the  soil  that  can  intercept 
the  deep  roots  of  woody  plants  while  minimizing 
intercept  by  the  roots  of  herbaceous  plants. 

Applying  soil-active  herbicides  in  granular  or 
pellet  form  has  the  advantages  of  minimizing 
drift;  not  being  intercepted  by  foliage, 
controlled  release;  ease  of  handling  and  applica- 
tion; premixing,  thereby  reducing  mixing  errors; 
simple  application  equipment  generally;  and 
prolonged  soil  activity;  where  desired.   Soil 
surface  application  is  less  dependent  on  stage  of 
plant  growth  than  foliage  sprays  but  does  require 
precipitation  to  dissolve  and  move  the  herbicide 
into  the  soil. 


HERBICIDES  FOR  RANGE  USE 

The  properties  of  herbicides  used  or  proposed  for 
use  on  rangelands  are  given  in  table  1.   General 
information  on  clearance  and  general  uses  are 
included  for  each  herbicide.   The  phenoxy  herbi- 
cides including  2,4-D,  2,4,5-T,  and  2,4,5-TP  or 
silvex  (and  also  MCPA  and  2,4-DP  or  dichlorprop 
in  some  areas,  or  2,4-DB  when  damage  to  legumes 
is  to  be  avoided)  have  been  the  most  widely  used 
on  rangelands.   Herbicides  such  as  glyphosate, 
karbutilate,  tebuthiuron,  and  triclopyr  are 
relatively  new  herbicides  showing  promise  for 
special  uses  on  rangelands.   Other  potential 
range  herbicides  in  the  experimental  stage  are 
f osamine ,  hexazinone,  buthidazole,  ethidimuron, 
prodiamine,  and  metribuzin.   For  specific  herbi- 
cidal  plant  control  recommendations,  the  reader 
is  directed  to  selected  entries  in  the  reference 
section,  particularly  Alley  and  others  1978; 
Cords  and  Artz  1976;  Heikes  1978;  Higgins  and 
others  1978;  Jensen  and  others  1980;  USDA  1980; 
and  Vallentine  1980. 


HERBICIDE  APPLICATION  EFFECTIVENESS 

The  right  herbicide  will  only  be  effective  when 
it  has  been  formulated  correctly,  applied  effect- 
ively and  at  recommended  rates,  and  timed  to  meet 
the  best  plant  growth  stages  and  associated 
environmental  conditions.   The  amount  of  herbi- 
cide required  to  provide  adequate  control  varies 
with  kind  and  form  of  herbicide,  plant  species, 
and  method  of  application.   Herbicide  rate 
recommendations  primarily  consider  optimum  toxic 
effects  within  legal  limits.   Higher  rates  are 
rarely  more  effective  and  may  prove  detrimental. 
However,  reducing  rates  below  recommended  levels 
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to  save  money  or  being  environmentally  super 
conscious  may  sharply  reduce  kills,  particularly 
when  less  than  ideal  conditions  are  encountered. 
When  multiple  herbicides  are  required  for  addi- 
tive or  synergic  effects  or  repeat  applications 
are  required  for  satisfactory  kill,  the  single 
application  of  one  herbicide  but  at  a  higher  rate 
is  seldom  a  satisfactory  replacement. 

Effective  formulation  of  a  spray  mix  involves 
mixing  the  selected  toxicant  (correct  as  to 
amount,  concentration,  and  chemical  and  physical 
form)  with  the  right  kind  and  amount  of  carrier 
and  adding  in  any  additional  surfactant  needed. 
Water  is  the  carrier  most  commonly  used  today, 
but  the  addition  of  diesel  oil  to  comprise  20  to 
25  percent  of  the  total  carrier  may  increase 
effectiveness  with  some  woody  plants.   Water  has 
good  driving  force  through  the  upper  foliage,  is 
easier  to  work  with,  and  is  low  cost;  but  the 
addition  of  diesel  oil  often  reduces  evaporation 
of  the  spray  mix,  spreads  more  evenly  on  the 
leaf,  and  penetrates  plant  cuticles  better. 
Surfactants  increase  emulsif iability ,  spreading, 
sticking,  and  other  desirable  surface-modifying 
properties  of  the  spray  mix.   They  are  added  to 
the  commercial  product  at  the  factory,  but 
additional  amounts  or  kinds  may  be  included  in 
specific  recommendations.   However,  excessive  use 
of  surfactants  may  reduce  or  eliminate  normal 
selectivity  of  a  herbicide. 

Proper  swath  widths  are  important  in  preventing 
skips  or  overlapping  swaths  and  in  obtaining 
complete  coverage  of  the  foliage  in  broadcast 
spray  application.   Since  height  above  the  ground 
will  affect  swath  width,  it  should  be  carefully 
controlled.   Application  rates  should  be  checked 
periodically  by  proper  calibration  methods  and 
corrected  as  needed.   Flagging  is  essential  in 
aerial  application,  and  some  form  of  ground 
marking  will  generally  be  required  with  ground 
application.   Many  aircraft  are  now  equipped  with 
automatic  flaggers  which  dispense  strips  of  wet, 
colored  paper  to  mark  flight  lines,  therby 
reducing  or  elminating  the  need  for  manual 
flagging.   Spray  droplets  should  be  large  enough 
to  minimize  drift  hazards  and  yet  be  sufficiently 
small  and  properly  distributed  to  give  good 
coverage. 

The  age,  stage  of  growth,  and  rapidity  of  growth 
affect  the  susceptibility  of  plants  to  herbi- 
cides.  The  most  effective  kill  by  phenoxy 
herbicides  and  most  other  foliage-applied, 
translocated  herbicides  is  obtained  when  carbohy- 
drate production  and  translocation  rate  is  at  the 
maximum,  often  near  full-leaf  stage.   Since  such 
herbicides  are  carried  with  the  photosynthate 
stream  throughout  the  plant,  intrinsic  plant 
factors  as  well  as  external  environmental  factors 
that  stimulate  carbohydrate  production  and 
translocation  generally  increase  plant  kill. 
Maximum  growth  rate  and  thus  herbicide  kill  are 
associated  with  ideal  soil  moisture  and  fertil- 
ity, ideal  temperature,  and  adequate  light. 

To  get  the  best  kill  from  broadcast  spraying 
phenoxy  herbicides,  do  not  spray: 


or  under 

[21' 

'C] 

for 

for 

1.  During  prolonged  drought  when  low  soil 
moisture  retards  plant  growth. 

2.  Before  most  leaves  are  well  developed — exact 
timing  will  vary  somewhat  between  different  plant 
species. 

3.  After  leaves  have  stopped  growing  rapidly, 
begin  maturing,  and  develop  thickened  cuticles. 

4.  When  plant  growth  has  been  retarded  by  late 
frost,  hail,  insects,  or  excessive  leaf  removal 
by  grazing. 

5.  When  temperature  is  over  90°F  (32°C) 
55°F  (13°C).  (Temperatures  between  70° 
and  85°F  [29°C]  are  best.) 

6.  When  wind  is  above  10  mph  (16  km/hr) 
aerial  application  or  15  mph  (24  km/hr) 
ground  spraying,  or  the  air  movement  is  being 
subjected  to  great  turbulence  and  up-drafts. 

7.  When  thunderstorms  are  approaching.  (Rain 
or  5  hours  after  spraying  will  reduce  effects 
very  little.) 


REGISTRATION  OF  HERBICIDES 

The  Pesticides  Registration  Division  of  the  U.S. 
Environmental  Protection  Agency  is  charged  by 
federal  law  with  approving  all  pesticide  uses, 
regulating  instructions  on  pesticide  lables,  and 
maintaining  environmental  and  health  standards 
associated  with  pesticide  use.   It  also  sets 
tolerance  levels  in  animal  feeds  and  human  foods, 
can  seize  any  raw  agricultural  commodities  not 
complying  with  these  tolerances,  and  punish 
violators  using  nonregistered  pesticides  or 
making  unapproved  use  of  registered  herbicides. 
Tolerance  levels  include  rather  large  safety 
factors  and  are  commonly  set  at  one  percent  or 
less  of  the  highest  level  causing  no  adverse 
effect  in  the  most  sensitive  animal  species;  but 
zero  tolerance  is  mandatory  in  some  cases. 

In  addition  to  the  EPA,  one  lead  agency  within 
each  state  is  designated  by  its  governor  to 
participate  in  pesticide  regulation  within  that 
state.   Individual  states  may  have  special 
registration  and  use  requirements  for  pesticides. 
Also,  the  designated  state  agency  is  charged  with 
certifying  pesticide  applicators.   Only  certified 
pesticide  applicators  are  permitted  to  purchase 
or  use  restricted  use  pesticides,  including 
paraquat  and  picloram  or  those  on  emergency 
exemption. 

EPA  Compendium  of  Registered  Pesticides,  Volume  I 
(1974  plus  updates)  is  the  official  source  of  new 
uses  and  changes  in  old  uses  of  federally 
registered  herbicides.   Basic  information  is 
provided  about  each  chemical,  including  the 
information  on  the  herbicide  label.   Sample 
specimen  labels  can  also  be  obtained  from 
herbicide  manufacturers.   In  addition  to  the 
regular  federal  registration  of  pesticide  uses, 
three  special  registrations  are  provided  for 
additional  pesticide  use  approval: 

1.  Experimental  label.   This  special  federal 
label  permits  new  products  or  old  products  being 
considered  for  new  uses  being  researched  and 
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evaluated  before  final  approval. 

2 .  Emergency  exemption.   EPA  may  exempt  any 
federal  or  state  agency  so  requesting  unapproved 
pesticide  usage  provided  that  the  emergency 
requires  such  exemption. 

3.  Special  state  label.   A  state  may  provide 
registration  for  additional  uses  of  federally 
registered  pesticides  within  the  state,  if  such 
uses  have  not  previously  been  denied,  disap- 
proved, or  cancelled  by  EPA.   However,  EPA  must 
give  final  approval. 


HERBICIDE  SAFETY  PRECAUTIONS 

Herbicides  now  approved  for  range  and  pasture  use 
pose  no  hazard  to  livestock,  wildlife,  the 
applicator,  or  local  inhabitants  when  properly 
applied.   However,  livestock  should  be  prevented 
access  to  spraying  equipment,  herbicide  contain- 
ers, or  herbicide  in  concentrated  form.   Phenoxy 
herbicides  temporarily  increase  the  palatability 
of  affected  plants,  and  this  may  increase  the 
hazard  from  poisonous  plants.   In  some  cases  the 
natural  poisoning  agent  in  the  poisonous  plants 
may  be  increased  also.   For  these  reasons,  care 
must  be  taken  that  poisonous  plants  are  not 
grazed  until  they  begin  to  dry  and  lose  their 
palatability  (generally  three  weeks  or  more  after 
herbicide  application) . 


area  or  evaporate  before  reaching  the  foliage. 

2.  Reduce  height  of  release,  particularly  in 
aerial  application. 

3.  Avoid  spraying  on  windy  days  and  when  vertical 
air  movement  is  great — favorable  conditions  are 
more  apt  to  be  found  in  early  morning,  late 
evening,  and  night. 

4.  Use  water  as  the  carrier  since  water  droplets 
are  heavier  and  drift  less  than  oil  droplets;  but 
anti-evaporants  may  be  needed  to  reduce  evapor- 
ation in  dry  atmospheres. 

5.  Select  spray  days  with  a  slight,  continuous 
wind  movement  blowing  away  from  susceptible 
crops. 

6.  Use  positive  liquid  shutoff  systems  in  aerial 
application  and  avoid  making  flights  over  suscept- 
ible crops. 

7.  Use  invert  emulsions  (water  in  oil);  however, 
special  equipment  will  be  required  to  apply 
because  of  thick,  non-flowing  physical  character- 
istics. 

8.  Use  granular  formulations  of  soil-active 
herbicides. 


Even  though  herbicides  are  among  the  least 
hazardous  of  all  pesticides,  recommended  safe- 
guards in  their  handling  and  application  must  be 
followed.   These  routine  safeguards  include 
following  all  directions  and  restrictions  shown 
on  the  pesticide  label,  storing  pesticides  only 
in  the  original  containers,  disposing  of  excess 
chemicals  properly,  and  cleaning  spraying  equip- 
ment after  use. 

Herbicide  drift  is  a  special  problem  associated 
with  foliage  spray  applications,  and  can  be 
hazardous  to  susceptible  plants  down  wind  unless 
controlled.   The  direction,  distance,  and  amount 
of  spray  drift  that  result  before  the  herbicide 
reaches  the  ground  are  influenced  by  several 
factors.   These  include  the  size  of  droplets, 
their  specific  gravity,  evaporation  rate,  height 
of  release,  direction  and  velocity  of  the  wind, 
vertical  air  movements,  and  type  of  application 
equipment  used.   Spray  drift  is  a  greater  problem 
in  aerial  application  because  of  elevated  release 
point  and  air  turbulence  generated,  but  can  be 
serious  in  ground  application  as  well.   Herbi- 
cides that  volatize  after  application  are  subject 
to  wind  movement  a  second  time.   Certain  ester 
forms  of  the  phenoxy  herbicides  are  highly 
volatile  while  others  are  not.   Low  volatile 
ester  or  salt  forms  should  be  selected  for  use  if 
susceptible  crops  or  areas  to  be  protected  are  in 
the  immediate  vicinity. 

In  addition  to  using  herbicide  formulations  with 
low  volatility  and  thus  drift  potential,  other 
means  of  reducing  drift  of  herbicides  include: 
1.  Use  application  equipment  that  maintain 
adequate  size  and  uniformity  of  droplets.   Finely 
atomized  spray  drops  may  drift  from  the  target 
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Table  1.   Properties  of  herbicides  used  on  rangeland  or  proposed  for  range  use. 


Common  Name 
(Trade  name) 


Group  and  type 
of  herbicide 


Uses  and 
restrictions 


Range  and  pasture 
uses;  comments 


Amitrole  (Amino- 
triazole  and 
Weedazol) 


Atrazine  (AAtrax) 


Dalapon  (Dowpon 
and  Baspafon  B) 


Dicamba  (Banvel) 


2,4-D  (several 
trade  names) 


Fenac  (Fenac) 


Triazole;  foliage, 
nonselective, 
translocated . 


Triazine;  select- 
tive,  soil  sterilant. 


Alaphatic;  trans- 
located, selective, 
foliage. 


Benzoic;  selective, 
translocated, 
foliage  or  soil 


Phenoxy;  selective, 
translocated, 
foliage . 


Noncropland  use 
principally. 


Noncropland  use; 
experimental  on 
range. 


Pasture  or  non- 
cropland  use. 


Cleared  for  past- 
ure and  range  at 
rates  up  to  8  lb 
a. i. /acre  (9  kg/ha) 


Pasture  and  range. 


Phenyl  acetic; 
translocated  by 
roots,  selective, 
temporary  soil 
sterilant. 


Spot  treatment  on 
range. 


Used  on  Canada  thistle, 
horsetail,  leafy  spurge, 
whitetop,  cattails,  poison 
ivy.   Persists  2-4  weeks  in 
soil. 

Kills  annual  grasses  and  shows 
promise  for  chemical  fallow 
on  range.   Persists  for  over 
1  year  in  soil.   Has  increased 
protein  content  in  perennial 
grasses. 

Foliage  spray  on  emerged 
aquatics  such  as  cattails 
and  rushes,  also  medusahead 
and  foxtail  barley.   Nonvolatile. 
Persists  in  soil  up  to  2-6  weeks 

Controls  difficult  plants 
such  as  Russian  knapweed, 
Canada  thistle,  leafy  spurge. 
Also  useful  in  brush  control. 
Persists  in  soil  for  up  to  a 
few  months.   Nonvolatile. 

Highly  effective  as  foliage 
spray  on  many  broadleaved 
herbaceous  plants  and  some 
shrubs.   2,4-D  amine  used  in 
frill  cuts.   Persists  in  soil 
for  1-4  weeks.   Volatility 
depends  on  chemical  form. 

Used  on  Canada  thistle,  leafy 
spurge,  Russian  knapweed,  and 
woody  plants.   Persists  one 
year  or  longer  in  soil. 


Registration  of  herbicides  for  range  and  pasture  uses  and  the  accompanying  restrictions  are  subject  to 
continual  change.   Current  clearance  and  restrictions  at  both  state  and  federal  levels  should  be 
checked  and  complied  with. 
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Table  1.  (con.) 


Glyphosate 
(Roundup) 


Alaphatic; 
non-selective , 
translocated, 
foliage . 


Mostly  experimental 
on  range;  broad 
spectrum  herbicide. 


Shows  promise  in  brush  control 
but  also  kills  desirable 
grasses  and  forbs.   Shows 
promise  in  killing  undesirable 
grasses  such  as  foxtail  barley 
or  saltgrass.   Persists  1-3 
weeks  in  soil. 


Karbutilate 
(Tandex) 


Carbamate  and 
substituted  urea; 
non-selective , 
soil  applied. 


Experimental  on 
range;  noncrop 
herbicide . 


Effective  on  many  plant 
species;  injurious  to  forage 
plants;  persists  several 
months  in  soil. 


Paraquat  (Ortho 
Paraquat) 


Bipyridyl ; 
selective  to  non- 
selective, contact, 
foliage. 


Use  as  spot  treat- 
ment on  noncropland 
or  pasture  or  range 
renovation. 


Major  interest  in  grass  seedbed 

preparation  by  application  at 

.25-1  lb/acre  (0.28-1.12  kg/ha) 

just  prior  to  seeding. 

Rapid  acting,  nonvolatile.   Soil 

contact  inactivates.   Has  minor 

effect  on  broadleaf  perennials. 

Low  rate  (0.2  lb/acre  [.22  kg/ 

ha]  chemically  cures  but 

does  not  kill  perennial  grasses. 


Picloram  (Tordon) 


Picolinic;  selective, 
translocated,  foliage 
or  soil. 


Noncropland,  spot 
treatment.   Limited 
clearance  in  some 
states  for  range  use, 


Effective  on  leafy  spurge, 
Russian  knapweed,  low  and  tall 
larkspur,  whorled  milkweed,  and 
also  many  shrubs  such  as  rabbit- 
brush  and  oaks.   Nonvolatile. 
Rates  over  1  lb. /A  (1.12  kg./ 
hectare)  may  persist  for  2  or  3 
years.   Often  synergic  with 
phenoxy  herbicides. 


Silvex  or  2,4,5-TP 
(Kuron,  Weedone) 


Phenoxy;  selective, 

translocated, 

foliage. 


Pasture  and  range 
clearance.   Do  not 
use  on  newly 
seeded  pasture  or 
range. 


Plant  control  including  oaks, 
maples,  yucca,  cholla,  prickly- 
pear,  tall  larkspur,  saltcedar, 
and  Dalmation  toadflax.   Per- 
sists 2-5  weeks  in  soil.   Also 
for  basal  stem  or  stump  treatment. 


2,4,5-T  (several) 


Phenoxy;  selective, 

translocated, 

foliage. 


Rangeland  clear- 
ance . 


Foliage  spray  on  woody  plants 
including  oak,  maple,  mesquite, 
elm,  ceanothus,  cholla,  roses, 
huisache,  pricklypear,  and  yucca. 
Also  used  in  basal  trunk  spray, 
frills,  and  stump  treatment;  per- 
sists 4-8  weeks  in  soil. 


2,3,6-TBA 
(Benzac,  Trysben) 


Tebuthiuron 
(Spike,  Graslan) 


Triclopyr 
(Garlon) 


Benzoic;  nonselective, 
soil  sterilant. 


Substituted  urea; 
nonselective, 
translocated,  soil 
sterilant. 

Phenoxy -picolinic; 
selective,  trans- 
located, foliage  or 
soil  applied. 


Noncropland  or 
spot  treatment  on 
range.   Not  for 
food  or  feed  crops. 

Experimental  on 
rangelands;  cleared 
for  range  use  in 
some  states. 

Experimental  on 
rangelands. 


Used  on  leafy  spurge,  Canada 
thistle,  Russian  knapweed. 
At  high  rates  persists  18-24 
months. 

Holds  promise  for  controlling 
woody  plants.   Persists  up  to 
several  months.   Spot  apply  or 
broadcast  as  pellets. 

Shows  promise  on  broadleaf 
weeds  and  shrubs  including 
oaks  and  other  root  sprouters. 
Also  effective  in  basal  spray 
and  trunk  injection.   Degraded 
rapidly  in  soil. 
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MECHANICAL  CONTROL  OF  SAGEBRUSH 


William  F.  Davis 


ABSTRACT:  The  success  of  sagebrush  (Artemisia 
spp.)  control  must  be  measured  according  to  the 
objective  to  be  obtained.   Where  seeding  other 
species  for  forage  and  longevity  is  an  objective, 
then  a  high  degree  of  initial  control  of  existing 
sagebrush  plants  is  necessary. 


INTRODUCTION 

Before  select 
methods  to  be 
woody  species 
should  first 
sagebrush  sub 
tion  provides 
herbage  produ 
It  also  aids 
defining  real 
by  the  contro 


ing  a  method  or  combination  of 
used  for  mechanical  control  of 
of  sagebrush  (Artemisia  spp.),  one 
identify  the  habitat  types  or 
species  to  be  treated.   This  informa- 
insight  into  the  site  potential  for 
ction  (McDonough  and  Harniss  1975). 
in  selecting  species  for  seeding  and 
istic  objectives  to  be  accomplished 
1  effort  (Hironaka  and  others  1983). 


Methodology  is  too  often  selected  because  of 
initial  cost  or  equipment  availability.   Ideally, 
one  should  identify  the  results  desired  based  on 
well-developed  objectives  and  then  select  the 
most  appropriate  methodology.   Economics  is  an 
important  factor  to  be  considered  in  selecting  a 
method  for  sagebrush  control.   Frequently,  only 
the  investment  cost  of  the  initial  treatment  is 
considered.   Inadequate  attention  is  often  given 
to  the  quality  of  seedbed  preparation,  the  timing 
of  seeding,  the  degree  of  control  of  competitive 
species,  the  short-  and  long-term  benefits  to  be 
obtained,  and  necessary  follow  up  treatments 
(Frischknecht  and  Bleak  1957;  Nielsen  and 
Hinckley  1975). 

Many  variables  influence  the  success  of  initial 
sagebrush  control  and  the  reinvasion  of  shrubs 
into  the  treated  area.   The  greatest  economic 
return  for  livestock  results  from  methods  that 
require  the  shortest  periods  of  nonuse  and  yield 
at  least  15  years  of  relatively  uniform  produc- 
tion (Pechanec  and  others  1954). 

Some  sagebrush  eventually  reinvades  most  treated 
sites.   The  rate  of  return  is  primarily  related 
to  the  effectiveness  of  the  initial  control 
(Welden  and  others  1958)  and  the  success  of  the 
seeding  (Robertson  and  others  1966).   Shrub 
reestablishment  has  been  reported  to  occur  in  wet 
years  (Frischknecht  and  Harris  1968)  and  is 
hastened  by  heavy  grazing  (Johnson  1969). 
However,  Bartolome  and  Heady  (1978)  found  no 
significant  correlation  between  shrub  re- 
establishment  and  amounts  of  moisture  received  on 
grazed  ranges,  but  reported  that  sagebrush 


invades  rapidly  after  treatment  and  may  continue 
to  increase  for  several  years  thereafter. 
Frischknecht  and  Harris  (1968)  reported  that  in 
some  years  reinvasion  occurred  even  without 
grazing. 

Hull  and  Klump  (1966)  described  treatments 
consisting  of  sagebrush  removal  followed  by 
crested  wheatgrass  (Agropyron  desertorum  or 
Agropyron  cristatum)  seedings  at  nine  locations 
in  southern  Idaho.   These  seedings  were  all  below 
5,800  ft  (1  768  m)  elevation  on  abandoned 
farmland,  plowed  or  fallowed  land,  or  recently 
burned  areas.   The  authors  assumed  that  little 
sagebrush  escaped  removal  from  the  sites  prior  to 
seeding.   They  found  that  many  of  the  30-year-old 
seedings  were  still  productive  and  most  showed  no 
sign  of  deterioration  after  more  than  20  years  of 
rotation  grazing  at  about  3  acres  (1.2  ha)  per 
animal  unit  month.   However,  they  also  recommended 
a  maintenance  sagebrush  control  at  some  locations 
every  10  to  20  years.   Such  recent  observations 
at  these  and  similar  sites  indicate  that 
plantings  on  the  most  productive  sites  tend  to  be 
reoccupied  by  sagebrush  sooner  than  plantings  on 
drier  sites,  and  that  mountain  big  sagebrush  and 
basin  big  sagebrush  are  more  aggressive  than 
Wyoming  big  sagebrush  (U.S.  Department  of 
Agriculture,  Forest  Service1). 

Blaisdell  (1949)  pointed  out  that  sagebrush 
plants  that  survive  brush  control  treatment  have 
a  distinct  advantage  over  seedlings  of  planted 
grasses.   However,  sagebrush  seedlings  that 
became  established  at  the  same  time  as  the 
grasses  did  not  always  display  an  initial  advan- 
tage.  Plummer  and  others  (1955)  stressed  elimina- 
tion of  competing  species  by  comparing  sections 
of  a  2-year-old  crested  wheatgrass  seeding.   The 
seeded  grasses  produced  1,785  lb  (809  kg)  of 
air-dry  grass  per  acre  in  areas  where  92  percent 
sagebrush  control  occurred,  and  529  lb  (240  kg) 
of  air-dry  grass  in  areas  with  53  percent 
sagebrush  control. 

Bartolome  and  Heady  (1978)  conclude  that  the 
reinvasion  of  sagebrush  on  treated  sites  in 
Oregon  was  due  to  the  recovery  of  plants  that  had 
not  been  killed  and  the  growth  of  seedlings 
established  during  the  first  few  years  following 
treatment.   Shrubs  that  established  in  later 
years  usually  remained  small  and  did  not  mature. 
Sagebrush  reinvasion  did  not  result  in  deterior- 
ation of  the  perennial  grass  stand  or  in  a 
reduction  in  grass  production. 


William  F.  Davis  is  Range  Improvement  Specialist 
for  the  Intermountain  Region,  USDA  Forest  Service, 
Ogden,  Utah. 


^.S.  Department  of  Agriculture,  Forest  Service. 
Ogden,  UT:  Data  on  file  at  U.S.  Department  of 
Agriculture,  Forest  Service,  Intermountain 
Region,  1960-1983. 
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Efforts  to  control  sagebrush  have  had  a  long  and 
interesting  history.   Burning  and  mechanical 
techniques  were  essentially  the  only  methods 
available  until  herbicides  came  into  use  follow- 
ing World  War  II.   Increased  interest  in  seeding 
or  otherwise  improving  depleted  ranges  following 
the  war  led  to  the  1946  organization  of  the 
Range  Seeding  Equipment  Committee,  now  the 
Vegetative  Rehabilitation  and  Equipment  Workshop 
(VREW) ,  which  has  devoted  a  great  deal  of  time 
and  effort  to  the  testing  and  development  of 
suitable  equipment  for  range  improvement  (Larson 
1982). 


MECHANICAL  EQUIPMENT  FOR  SAGEBRUSH  CONTROL 

Root  Plows 

Several  early  attempts  were  made  to  design  and 
construct  root  plows  to  treat  woody  species. 
These  plows  worked  reasonably  well  on  moderate  to 
deep  soils  that  were  free  of  rocks,  but  power 
requirements  were  high  compared  to  plow  width  and 
digging  depths.   Large  root  plows  provided 
acceptable  kill  of  root  sprouting  shrubs  in  the 
southwest  (Gonzalez  and  Dodd  1979).   Although 
they  have  been  successful  for  controlling 
sagebrush  in  the  Intermountain  area,  they  also 
destroy  desirable  herbs  and  shrubs.   The  blades 
are  drawn  laterally  through  the  soil,  cutting  and 
uprooting  all  species.   Soil  moisture  levels, 
percent  of  rock,  and  density  of  vegetation 
determine  the  power  requirements  and  production 
rates.   Under  normal  conditions,  1  to  4  acres 
(0.4  to  1.6  ha)  can  be  treated  per  hour  (Larson 
1980). 


Brush  Rake 

Various  types  of  rakes  have  been  tried  but  none 
have  proven  successful  for  elimination  of 
sagebrush.   Older  woody  brush  can  be  removed,  but 
younger,  more  flexible  plants  remain.   Most  rakes 
were  not  built  to  treat  low  growing  shrubs, 
consequently  their  use  on  rangelands  is  quite 
limited  (U.S.  Department  of  Agriculture,  U.S. 
Department  of  the  Interior,  Range  Seeding 
Equipment  Committee  1957). 


Dixie  or  Pipe  Harrow 

The  pipe  harrow  got  its  beginning  on  the  Dixie 
National  Forest  in  Utah.   Spikes  were  driven  into 
green  poles  that  were  attached  parallel  to  each 
other  and  pulled  lengthwise  by  a  team  of  horses. 
Some  success  was  obtained,  and  soon  the  steel 
harrow  appeared  (Plummer  and  others  1955). 
Self-cleaning  pipe  harrows  are  well  adapted  to 
rocky  and  rough  ground.   They  are  most  effective 
for  covering  broadcast  seed  or  burns  in  areas 
where  trees  or  rocks  prevent  the  use  of  larger 
equipment.   They  are  only  moderately  effective  in 
controlling  brittle  sagebrush  plants.   Twice-over 
treatment  of  brittle  brush  has  been  reported  to 
control  70  percent  of  the  brush,  although  this  is 
believed  to  be  the  exception  rather  than  the  rule 
(U.S.  Department  of  Agriculture,  U.S.  Department 


of  the  Interior,  Range  Seeding  Equipment 
Committee  1957).   Depending  on  the  terrain  and 
shrub  density,  up  to  3.4  acres  (1.4  ha)  per  hour 
can  be  treated  using  a  14-ft  (4.3-m)  wide  harrow 
drawn  by  a  50-hp  (67.0-kW)  (drawbar)  tractor 
(U.S.  Department  of  Agriculture,  U.S.  Department 
of  the  Interior,  Range  Seeding  Equipment 
Committee  1965). 


Rail  Drags 

Rail  drags  appeared  in  many  configurations  and 
were  probably  the  first  successful  implements 
used  to  control  shrubs.   Designs  of  importance 
are  essentially  either  single  bars  or  a  series  of 
bars  pulled  in  tandem.   The  bottom  of  the  rail  is 
the  cutting  edge  and  slides  along  next  to  the 
soil.   To  provide  a  cleaning  effect,  most  drags 
are  either  built  in  sections  or  in  an  open  V  or  A 
configuration  (U.S.  Department  of  Agriculture, 
U.S.  Department  of  the  Interior,  Range  Seeding 
Committee  1957). 

Satisfactory  kill  of  sagebrush  is  seldom  obtained 
unless  the  shrubs  are  over  2  ft  (0.6  m)  tall  and 
old  enough  to  be  brittle.   Because  young  plants 
usually  are  not  affected  by  the  treatment,  only 
30  to  80  percent  of  most  stands  are  killed. 
Large  rocks  and  cold  weather  contribute  to 
substantial  equipment  damage  (Pechanec  and  others 
1954).   Power  requirements  are  relatively  high, 
40  to  60  hp  (31  to  45  kW)  for  a  16.5-ft  (5.0-m) 
A-rail  unit  width.   The  "supp  rail"  and  the  "rail 
drag"  designs  require  less  power  (Larson  1980). 

Light-weight  rails  were  often  used  to  mash  tall 
brush  down,  forming  a  continuous  fuel  supply 
prior  to  prescribed  burning  and  seeding.   Sage- 
brush kills  of  up  to  99  percent  have  been 
attained  using  this  combination  of  techniques 
(U.S.  Department  of  Agriculture,  Forest  Service, 
see  footnote  1) . 


Brush  Beating 

Brush  beaters  employ  a  series  of 
flails  attached  to  a  horizontal 
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Brush  beaters  have  not  proven  adequate  for 
control  of  brush  on  Forest  Service  projects. 
Power  requirements  are  high  in  relation  to 
acreage  covered,  although  20-hp  (14.9-kW) 
tractors  have  successfully  powered  small  units 
(U.S.  Department  of  Agriculture,  U.S.  Department 
of  the  Interior,  Range  Seeding  Equipment 
Committee  1965).   Power  requirements  increase 
with  height  and  density  of  brush.   Brush  stands 
generally  recover  in  less  than  5  years  unless 
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additional  measures  such  as  fire  or  herbicides 
are  employed.   Beating  causes  little  soil 
disturbance  or  damage  to  understory  species  and 
is  best  completed  during  early  growth  periods  for 
2  consecutive  years. 


Rotary  Mower 

In  contrast  to  the  brush  beater,  the  rotary  mower 
consists  of  rotating  knives  attached  to  vertical 
shafts.   Power  is  usually  supplied  by  the  power 
take-off.   Once-over  mowing  does  a  complete  job 
of  reducing  vegetative  material  to  litter.   Good 
kill  of  large,  nonsprouting  shrubs  such  as 
sagebrush  is  obtained,  but  seedlings  and  young 
plants  are  not  always  damaged.   Like  the  beaters, 
the  usefulness  of  rotary  mowers  is  limited  in 
rocky  areas.   Power  requirements  are  higher  than 
for  beaters,  but  twice-over  mowing  is  seldom 
needed  (Larson  1980). 

Rotary  mowing  1  year  prior  to  using  herbicides 
proved  to  be  an  effective  treatment  on  the 
Bridger-Teton  National  Forest,  Wyoming,  where 
esthetic  considerations  were  critical.   Costs  for 
1982  were  estimated  at  $10  per  acre  ($25/ha)  on 
abandoned  farmland  and  other  rock  free  terrain 
(U.S.  Department  of  Agriculture,  Forest  Service, 
see  footnote  1).   Use  of  the  rotary  mower  cannot 
be  termed  successful  for  sagebrush  control  on  a 
long-term  basis.   However,  depending  on  the 
objective,  it  may  be  considered  a  useful  tool 
when  control  is  required  for  less  than  5  years. 


Moldboard  Plow 

Plowing  is  probably  the  most  effective  mechanical 
method  for  maximum  control  of  sagebrush  as  well 
as  control  of  most  other  competing  species.   The 
moldboard  plow  can  be  used  to  good  advantage  on 
relatively  level,  rock-free  soil.   Because  of  its 
relatively  high  power  requirement  and  slowness, 
the  moldboard  plow  is  more  expensive  to  use  than 
are  disk-type  plows.   The  moldboard  plow  requires 
approximately  20  hp  (l5kW)  (drawbar)  to  plow  a 
42-inch  (1.1-m)  swath  (Larson  1980). 


Wheatland  Plow 

The  wheatland  plow  is  well  adapted  to  relatively 
level  sagebrush  areas.   It  cannot  be  used  on 
rocky  sites  without  a  high  risk  of  damage. 
Nonsprouting  sagebrush  can  be  controlled  when 
plowed  at  2-  to  4-inch  (5-  to  10-cm)  depths. 
When  sprouting  plant  species  are  to  be 
controlled,  plowing  at  4-  to  6-inch  (10-  to 
15-cm)  depths  is  needed.   Even  better  results  can 
be  obtained  by  dragging  sections  of  spiketooth 
harrows  in  tandem  behind  the  plow.   Harrowing  is 
well  worth  the  added  cost  in  most  cases.   The 
second  section  of  the  harrow  should  be  chained 
directly  to  the  front  section  using  a  2-ft 
(0.6-m)  spacing.   This  arrangement  allows  the  two 
sections  to  work  independently  and  deposit  root 
sections  on  the  soil  surface  to  dry  in  the  sun. 


Where  control  of  cheatgrass  (Bromus  tectorum) , 
bulbous  bluegrass  (Poa  bulbosa)  ,  and  similar 
herbaceous  plants,  as  well  as  sagebrush  and 
sprouting  shrubs,  are  part  of  the  objective, 
shallow  plowing  and  harrowing  early  in  the 
growing  season  and  again  during  mid-season  will 
provide  good  results.   This  adaptation  can  also 
be  applied  to  other  types  of  disk  plows.   Double 
plowing  and  harrowing  with  a  properly  adjusted 
wheatland  plow  should  consistently  provide  over 
90  percent  control  of  all  sagebrush  (U.S.  Depart- 
ment of  Agriculture,  Forest  Service,  see  footnote 
1). 


Tandem  Disk  Plow 

The  offset  disk  plow  is  a  tandem  disk  with  the 
front  section  disks  facing  one  way  and  the  rear 
section  disks  facing  the  opposite  direction. 
This  arrangement  double  plows  the  area  with  the 
rear  disks  tracking  in  a  line  between  the  front 
disks.   Frames  may  either  be  ridged  or  sectioned 
depending  on  the  design.   As  with  other  disk 
plows,  disks  should  be  24  to  28  inches  (61  to  71 
cm)  in  diameter  to  provide  adequate  tillage  depth 
and  clearance  when  used  on  rangeland. 

Tandem  disk  plows  obtain  about  the  same  degree  of 
sagebrush  control  as  the  wheatland  plow.   Due  to 
their  heavy  weight,  they  offer  an  advantage  over 
the  wheatland  plow  in  heavy,  tight  soils,  and  on 
rough  terrain.   Tandem  plows  also  have  a  distinct 
advantage  over  the  wheatland  plow  where  large 
amounts  of  herbaceous  vegetation  must  be  con- 
trolled.  The  heavy  machine  cuts  and  underturns 
the  vegetation  into  the  soil.   Where  double 
plowing  is  needed,  the  lighter  weight  wheatland 
plow  has  the  advantage.   A  second  plowing,  later 
in  the  growing  season,  further  reduced  competi- 
tive plants  resulting  in  better  control  of 
vegetation. 

Tandem  disk  plows  are  easy  to  adjust  and  perform 
well  over  changing  soil  conditions.   However, 
operators  tend  to  allow  these  plows  to  work 
deeper  than  necessary,  thus  wasting  power  and 
time.   Plummer  and  others  (1955)  recommended 
plowing  to  depths  of  5  to  7  inches  (13  to  18  cm) 
when  controlling  sprouting  species  such  as  rubber 
rabbitbrush  (Chrysothamnus  nauseosus) .   The 
Ashley  National  Forest  has  obtained  good  results 
by  deep  plowing  using  the  Amco  plow  and  spike 
tooth  harrow  combinations  in  removing  a  tall- 
dense  stand  of  rubber  rabbitbrush  on  deep 
mudstone  shale  deposits. 


Brushland  Plow 

Due  to  the  inability  of  the  first  wheatland 
plows,  and  most  disk  plows,  to  withstand  work  on 
most  National  Forest  rangelands,  the  need  for  a 
more  sturdy  machine  was  soon  recognized.   Wheat- 
land plows  and  disk  plows  built  prior  to  the  mid- 
1940'  s  were  not  designed  to  handle  rocky  soils 
and  heavy  stands  of  brush.   Frames  and  assemblies 
were  almost  ridged,  lacked  adequate  clearance, 
and  could  not  withstand  the  hidden  rock  outcrops 
and  stumps. 
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The  brushland  plow  was  designed  from  an 
Australian  "stump-jump  plow"  by  the  San  Dimas 
Equipment  Development  Center.   The  plow  consists 
of  seven  pairs  of  disks  independently  mounted  on 
spring-loaded  arms.   This  implement  is  useful  for 
controlling  shrubs  on  rough,  rocky  terrain  (Larson 
1980).   Brushland  plows  as  we  know  them  today  can 
be  used  in  pairs  and  are  reported  to  be  more 
efficient  in  power  requirements  than  wheatland 
plows  of  similar  cutting  widths.   The  heart  of 
the  brushland  plow  is  the  independent 
spring-loaded  disk  assemblies  consisting  of  two 
disks.   The  front  disk  is  28  inches  (71  cm)  and 
the  rear  disk  24  inches  (61  cm)  in  diameter.   The 
two  disks  bolt  solidly  to  a  single  axle  mounted 
at  an  angle  to  the  forward  motion  to  allow  the 
disks  to  scoop  as  they  roll.   Due  to  the 
difference  in  diameters,  the  rolling  disks  set  up 
a  slicing  action  that  aids  in  cutting  through 
plant  material  instead  of  rolling  over  it  (Larson 
1980). 

The  brushland  plow  weighs  nearly  3.5  tons  (3.2 
metric  tons)  ,  nearly  double  the  weight  of  a 
wheatland  plow  of  similar  working  width,  yet 
less  drawbar  power  is  required  to  pull  it. 
Control  of  sagebrush  showed  the  brushland  plow  to 
provide  about  90  percent  control  compared  to 
wheatland  and  offset  disk  plows,  which  each  gave 
about  75  percent  control  on  the  same  site 
(Plummer  and  others  1955).   Spike-tooth  harrows 
attached  to  the  brushland  plow  would  be  a 
worthwhile  addition  for  control  of  sprouting 
species. 


used  alone.   The  Dixie  Sager  is  more  difficult  to 
manufacture  than  the  Ely  Chain  because  the  rails 
are  welded  lengthwise  to  the  rounded  chain  link, 
requiring  about  twice  as  much  welding.   Before 
attempting  to  weld  on  a  surplus  anchor  chain,  it 
should  be  used  for  chaining  for  a  few  hours  to 
polish  the  link  and  remove  all  forms  of 
corrosion.   Rail  sections  should  have  the  bottom 
flange  completely  removed,  leaving  the  top  of  the 
rail  to  be  welded  to  the  link  and  the  center  part 
of  the  rail  as  a  projection.   The  rail  section 
should  only  be  long  enough  that  it  can  be  solidly 
welded  to  the  link,  leaving  nothing  to  catch  and 
hold  brush.   All  wear  points  should  be  hard 
surfaced  to  maintain  approximately  4  inches  (10 
cm)  projecting  as  a  scarifier.   The  chain  must  be 
self  cleaning  and  be  kept  reasonably  free  of 
brush  to  provide  satisfactory  brush  control. 

After  numerous  chainings  on  several  National 
Forests  in  Utah,  we  have  concluded  that  it  is 
best  to  use  two  150-  to  200-hp  (112-  to  149-kW) 
crawler  tractors.   Approximately  45  ft  (14  m)  of 
medium-weight  smooth  chain  with  1.5-inch  (3.8-cm) 
diameter  links  is  hooked  to  each  tractor.   To  the 
ends  of  each  smooth  chain  is  attached  a  specially 
constructed  swivel  made  from  rebuilt  track 
rollers  from  D-9  Caterpillar  tractors.   These 
heavy  swivels  remain  close  to  the  soil  surface 
and  are  each  attached  to  a  60-ft  (18.3-m)  section 
of  Dixie  Sager.   The  remaining  ends  of  the  Sager 
chains  are  attached  to  the  ends  of  a  40-link 
section  of  Ely  Chain  (U.S.  Department  of 
Agriculture,  Forest  Service,  see  footnote  1). 


Anchor  Chains 

Three  basic  chains  are  available  for  use  on 
sagebrush  sites.   The  slick  or  unmodified  chain 
is  sometimes  used  but  is  largely  ineffective 
unless  individual  links  weigh  90  lb  (41  kg)  or 
more  and  sagebrush  is  large  and  orittle.   Young 
or  flexible  plants  are  not  effectively  removed. 
Because  of  the  difficulty  of  controlling  brush, 
most  chains  have  been  modified  into  two  basic 
designs. 

Chambers  (1967)  described  a  chain  modification 
generally  known  as  the  Ely  Chain.   Steel  rods 
approximately  18  inches  (46  cm)  long  are  welded 
across  each  chain  link  so  that  approximately 
4-inch  (10-cm)  projections  are  at  right  angles  to 
the  link.   Links  of  about  40  to  60  lb  (18  to  27 
kg)  each  with  about  30  lb  (14  kg)  of  light 
railroad  rail  are  generally  used.   On  some 
chains,  old  truck  axles  have  been  used  and  even 
new  cold  rolled  steel.   Ideally,  the  base  would 
be  cut  from  railroad  rails  in  order  to  remove  the 
potential  for  brush  to  catch  and  wrap  around  the 
chain.   Tips  of  the  projections  should  be  hard 
surfaced  with  welding  rods,  such  as  Marquette  No. 
455.   Marquette  No.  7018  rod,  3/16-inch  (0.47-cm) 
diameter,  can  be  used  to  weld  cross  pieces  to 
chain  links. 

Jensen  (1969)  described  another  chain  modifica- 
tion known  as  the  Dixie  Sager.  This  chain  used 
in  combination  with  the  Ely  Chain  provides  more 
effective  control  of  sagebrush  than  either  chain 


The  two  tractors  attempt  to  operate  nearly 
parallel  to  each  other,  pulling  the  225  to  250  ft 
(69  to  76  m)  of  chain  in  an  open  V  or  U  shape. 
The  modified  portions  of  chain  slowly  turn  with  a 
self-cleaning  sawlike  action  as  they  slide  over 
the  soil  surface.   Swivels  must  be  greased  at 
least  once  each  day.   Maximum  scarification  and 
brush  removal  is  obtained  with  the  tractors 
operating  close  together.   Scarification  is 
greatly  reduced  if  tractors  operate  more  than  75 
ft  (23  m)  apart.   This  maximum  spacing  should  be 
specified  in  all  contracts  and  strictly  enforced. 
As  a  rule  of  thumb,  the  total  chain  length  should 
exceed  three  times  the  spacing  of  the  tractors  as 
measured  from  drawbar  pin  to  drawbar  pin.   The 
Dixie  Sager  does  not  work  well  in  the  center  of 
the  chain  because  it  is  more  prone  to  roll  than 
is  the  Ely  chain.   Only  moderate  sage  control  can 
be  expected  along  the  center  of  the  chain,  but 
nearly  90  percent  control  can  be  obtained  along 
the  two  outer  one-third  sections  of  the  swath, 
providing  the  chain  is  kept  reasonably  clean  and 
the  tractors  do  not  exceed  the  optimum  spacing  of 
75  ft   (U.S.  Department  of  Agriculture,  Forest 
Service,  see  footnote  1). 

As  with  other  mechanical  methods  of  sagebrush 
control,  chaining  is  most  effective  on  older, 
brittle  plants  and  least  effective  on  young  or 
flexible  plants.   The  anchor  chain  is  probably 
the  least  understood  tool  commonly  used  for 
control  of  sagebrush  and  juniper  (Juniperus 
spp.).   The  difference  between  obtaining  a  good 
kill  of  target  plants  and  project  failures  is 
often  the  result  of  one  or  more  of  the  following 
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considerations:  (1)  objectives  of  the  project, 
(2)  project  supervision,  (3)  tractor  spacing,  (4) 
chain  design,  or  (5)  chain  repair  and 
maintenance. 
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TREATMENT  OF  INLAND  SALTGRASS  AND 
GREASEWOOD  SITES  TO  IMPROVE  FORAGE  PRODUCTION 


Sruce  A.  Roundy,  Greg  J.  Cluff,  James  A.  Young,  and  R.  A.  Evans 


ABSTRACT:   Greasewood  and  saltgrass  sites  that 
once  supported  basin  wildrye  can  be  highly 
productive  after  chemical  brush  control  and 
forage  restoration  by  proper  management  or  by 
seeding.   Application  of  2,4-D  in  June,  once  or 
for  2  consecutive  years,  effectively  controls 
greasewood  and  salt  rabbitbrush.   Associated 
saline  soils  can  be  successfully  seeded  to 
salt-tolerant  grasses  such  as  basin  wildrye  and 
tall  wheatgrass  by  using  irrigation  or  on  sites 
where  salinity  is  low  and  in  years  when  spring 
precipitation  is  high. 

SITE  DESCRIPTION  AND  POTENTIAL 

The  decisions  of  how  to  manage  or  treat  a 
specific  site  to  increase  forage  production  are 
most  dependent  upon  the  site  potential  and 
associated  limiting  factors  to  plant 
establishment  and  growth.   A  brief  discussion  of 
the  ecological  setting  of  greasewood  and 
saltgrass  sites  will  aid  in  understanding  the 
potential  of  these  sites.   Basin  and  range 
faulting  began  in  the  Miocene  in  the  Great  Basin 
and  created  many  closed  basins  (Papke  1976) . 
During  the  Pleistocene,  reoccurring  periods  of 
cold,  moist  climatic  conditions  resulted  in  the 
creation  of  two  large  pluvial  lakes,  Lake 
Lahontan  in  Nevada  and  Lake  Bonneville  in  Utah, 
and  numerous  smaller  lakes  in  many  different 
basins  (Morrison  1964;  Papke  1976).   The  variable 
level  of  these  Pleistocene  lakes  over  the  years 
resulted  in  a  series  of  terraces  superimposed  on 
the  alluvial  fans  of  the  adjacent  mountains  (Hunt 
1967). 

As  the  climate  became  more  arid,  most  of  these 
lakes  evaporated  completely  leaving  salts  and 
fine  sediments  in  the  lake  beds  which  are  now 
known  as  playas  (Papke  1976).   Since  the  lakes 
became  more  saline  as  they  shrunk,  concentric 
zones  of  increasing  salinity  occur  from  the  upper 
terraces  to  the  valley  bottoms  (Flowers  and  Evans 
1966).   Further  salinization  of  these  basins  and 
salinization  of  other  basins  and  floodplains 
which  never  had  a  pluvial  lake  has  occurred  due 
to  restricted  drainage.   As  salt-bearing  waters 
drain  from  upland  areas,  ground  water  may  be 
raised  to  the  soil  surface  of  lower  lands. 
Subsequent  evaporation  of  moisture  on  the  soil 
surface  results  in  the  accumulation  of  salts 
which  are  not  leached  out  due  to  low 
precipitation  and  drainage  (Richards  1954). 


Bruce  A.  Roundy,  James  A.  Young  and  R.  A.  Evans 
are  Range  Scientists  at  the  Renewable  Resource 
Center,  USDA  Agricultural  Research  Service,  Reno, 
Nev.   Greg  J.  Cluff  is  a  Range  Agronomist  at  the 
University  of  Nevada,  Reno. 


Greasewood  and  saltgrass  dominated  plant 
communities  generally  occur  in  these  lowland 
floodplains  and  basins  below  the  upper  and 
higher  precipitation  sagebrush  zone  that 
Billings  (1945)  considered  edaphic  climates 
within  the  drier  shadscale  zone.   These  sites 
are  characterized  by  low  precipitation  of  5  to 
10  inches  (12  to  25  cm)  annually,  saline  and 
fine  textured  soils,  a  shallow  water  table  and 
in  some  areas,  seasonal  flooding.   Plant  growth 
and  distribution  are  affected  by  total  soil 
salinity,  concentrations  of  specific  ions,  and 
depth  of  soil  salts,  soil  areation,  and  depth 
of  the  watertable  and  salinity  of  ground  water, 
total  soil  water  potential  as  affected  by  salts 
(soil  osmotic  potential)  and  water  content 
(soil  matric  potential)  and  the  seasonal 
variability  of  these  factors. 

Great  variability  in  these  factors  may  occur 
over  short  distances  due  to  location  of  beach 
ridges,  drainages,  and  springs  and  may  result 
in  highly  variable  plant  communities  and  site 
potentials.   In  these  soils  Na,  CI,  and  SO, 
are  the  major  ions  (Kelly  1951)  and  Ca  and  Mg 
are  minor.   B  concentrations  may  also  be  high. 
Excessive  Na  concentrations  result  in  poor 
aerations,  slow  infiltration  and  slow 
permeability  of  these  soils  (Naphan  1966). 

Despite  all  these  limiting  factors,  range 
improvements  are  of  interest  because  these 
ranges  are  extensive  and  convenient  to  many 
ranch  base  properties  and  because  some  sites 
historically  produced  tremendous  amounts  of 
forage  before  they  were  misused.   The 
subsurface  and  overland  drainage  water  these 
areas  receive  may  help  highest  condition  basin 
wildrye  stands  produce  up  to  7,136  lb/acre 
(8000  kg/ha)  (Lesperance  and  others  1978)  and 
the  wettest  and  most  dense  saltgrass  meadows 
produce  2,319  lb/acre  (2600  kg/ha).   More 
commonly,  good  condition  wildrye  and  saltgrass 
stands  could  be  expected  to  produce  about  892 
lb/acre  (1000  kg/ha).    Winter  and  fall 
grazing  of  standing  wildrye  would  protect  this 
grass  which  is  sensitive  to  spring-grazing,  and 
save  ranchers  tons  of  alfalfa  hay.   Saltgrass 
is  resistant  to  heavy  grazing  and  its  meadows 
stay  green  into  the  summer  after  upland 
bunchgrasses  have  gone  dormant. 

Although  greasewood  is  estimated  to  cover  12.6 
million  acres  (5.1  million  ha)  (USDA  1936),  the 
site  potential  and  associated  species  may  vary 
greatly.   Both  greasewood  and  saltgrass  occur 
over  wide  ranges  in  soil  moisture,  salinity  and 
drainage.   The  plants  they  are  associated  with 
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may  be  more  indicative  of  limi 
site  potential.   Many  descript 
quantitative  studies  have  been 
basins  of  the  arid  west,  some 
intent  of  using  plant  species 
conditions  (Kearney  and  others 
Piemeisel  1924,  1940;  Flowers 
1945;  Gates  and  others  1956). 
the  most  common  associates  of 
saltgrass  are  listed  with  plan 
site  conditions  with  which  the 
associated  as  summarized  from 
our  own  experience  at  the  Gund 
Demonstration  Ranch  in  central 
and  Evans  1980). 
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Soil  salinity,  soil  moisture  and  understory  cover 
should  be  considered  in  deciding  on  brush  control 
and  seeding  treatments  to  improve  forage.   Sites 
that  have  little  understory  and  are  too  dry  or 
too  saline  to  seed  should  be  avoided. 
Greasewood/shadscale  and  greasewood/kochia  areas 
generally  fall  into  this  category.   Sites  where 
greasewood  and  saltgrass  are  associated  with 
white-flowered  rabbitbrush,  pickleweed, 
salicornia,  alkali  grass  or  nitrophila  generally 
have  soils  of  high  salinity  and  a  high 
watertable.   Only  where  a  good  grass  understory 
already  exists  should  these  communities  be 
treated  to  control  brush.   Sites  that  should  be 
considered  for  brush  control  are  those  that  have 
a  good  understory  of  basin  wildrye,  saltgrass, 
alkali  sacaton  or  other  forage  grasses  or  that 
may  be  lacking  in  understory  but  have  soils  of 
low  to  moderate  salinity.   Greasewood  and 
saltgrass  in  these  situations  are  generally 
associated  with  big  sagebrush  and/or  salt 
rabbitbrush. 

BRUSH  CONTROL 

The  effects  of  rotobeating  and  soil  and  foliar 
applied  herbicides  on  control  of  big  sagebrush, 
salt  rabbitbrush,  white-flowered  rabbitbrush  and 
greasewood  were  studied  over  a  6  year  period  in 
central  Nevada.   The  foliar  herbicide  trials  were 
conducted  on  small  plots  using  a  back-pack 
sprayer  and  on  large  plots  using  a  rangeland 
ground  sprayer  (Young  and  others  1979) .   Trials 
were  conducted  on  the  following  brush 
communities:   Greasewood/salt  rabbitbrush, 
greasewood/salt  rabbitbrush/  white-flowered 
rabbitbrush  and  big  sagebrush/salt 
rabbitbrush/greasewood.   These  communities  occur 
on  the  lake  plain  of  now-dried  Pleistocene  Lake 
Gilbert  above  the  playa  in  the  valley  bottom  and 
below  the  big  sagebrush-dominated  alluvial  fans 
of  the  Simpson  Park  Mountains.   The  saline  soils 
and  drainage  patterns  of  this  lake  plain  are 
typical  of  many  other  areas  in  the  Great  Basin 
dominated  by  greasewood  (Young  and  Evans  1980). 

Rotobeating  these  communities  resulted  in  less 
than  15  percent  mortality  each  of  greasewood, 
salt  rabbitbrush  and  white-flowered  rabbitbrush 
since  these  shrubs  resprout.   Rotobeating  of  big 
sagebrush/greasewood/rabbitbrush  communities  may 
kill  the  mature  sagebrush  and  result  in  complete 
dominance  by  greasewood  and  rabbitbrush. 


Control  of  greasewood  and  rabbitbrush  by 
soil-applied  herbicides  including  karbutilate 
(tandex),  tebuthuiron  (spike),  buthidazole 
(ravage)  and  picloram  was  generally 
unsuccessful  possibly  due  to  the  low 
permeability  of  the  associated  saline-sodic 
soils.   Highest  mortality  was  only  40  percent 
from  10  percent  picloram  pellets  while  other 
herbicides  averaged  less  than  30  percent 
mortality. 

A  variety  of  foliar-applied  herbicides 
including  2,4-D  plus  picloram,  triclopyr, 
2,4,5-T,  silvex  and  dicamba  were  more 
successful  than  soil  herbicides  in  controlling 
rabbitbrush  and  greasewood  (Cluff  and  others 
1983).  None  of  these  herbicides  were  more 
effective  than  2,4-D  applied  during  the  period 
of  optimum  susceptibility.   Mortality  from 
foliar  herbicides  varied  among  years  and  sites 
and  was  correlated  with  soil  moisture  potential 
and  greasewood  and  rabbitbrush  growth  phenology 
(Cluff  and  others  1983).   Rabbitbrush  grows 
slowly  from  March  until  late  May  when  it  begins 
a  period  of  rapid  growth  that  generally  ends  in 
early  August  (Roundy  and  others  1981,  fig.  1). 
Greasewood  generally  begins  rapid  growth 
similar  to  rabbitbrush  in  late  May,  but  has  a 
lower  rate  and  shorter  period  of  rapid  growth 
that  generally  ends  in  late  June.   Greasewood 
and  salt  rabbitbrush  were  most  susceptible  to 
1.9  lb/acre  (2.2  kg/ha)  2,4-D  applied  during 
mid-June  when  both  shrubs  were  rapidly  growing 
with  mortality  averaging  72  and  87  percent, 
respectively.   An  average  leader  length  of  1.6 
inches  (4  cm)  indicates  that  rapid  growth  of 
salt  rabbitbrush  is  under  way  while  the  first 
opening  of  flower  buds  is  correlated  with  rapid 
growth  cessation  (Roundy  and  others  1981). 
Appearance  of  staminate  spikes  is  correlated  with 
beginning  of  greasewood  rapid  growth  and  the 
appearance  of  dried  spikes  indicates  rapid  growth 
has  ceased. 

On  a  xeric  site  dominate  by  big  sagebrush, 
greasewood  and  salt  rabbitbrush,  sagebrush  was 
most  susceptible  to  2,4-D  in  mid-May  while 
greasewood  and  rabbitbrush  were  more  susceptible 
in  June  (table  2).   On  this  xeric  site, 
greasewood  had  a  much  lower  growth  rate  and  much 
lower  mortality  (table  2)  than  greasewood  on  a 
mesic  site.   Greasewood  that  has  been  sprayed  and 
resprouts  the  following  year  has  much  faster 
growth,  greater  total  leader  length,  a  longer 
period  of  rapid  growth  and  is  more  susceptible  to 
2,4-D  than  untreated  shrubs  (Roundy  and  others 
1981;  Cluff  and  others  1983).   Over  90  percent 
control  of  both  greasewood  and  salt  rabbitbrush 
was  obtained  by  spraying  2.9  lb/acre  (3.3  kg/ha) 
of  2,4-D  in  mid-June  one  year  and  respraying  with 
2.0  or  2.9  lb/acre  (2.2  or  3.3  kg/ha)  of  2,4-D  in 
mid-June  the  following  year  (Cluff  and  others 
1983).   Respraying  appears  to  be  the  only  way  to 
obtain  complete  control  of  sagebrush,  greasewood 
and  rabbitbrush  on  xeric  sites. 
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Table  1. — Some  common  salt  desert  plants  and  associated  edaphic  factors 
and  plant  tolerances. 


Scientific  Name 


Common  Name 


Edaphic  Factors  and 
Tolerances 


Allenrolfea  occidentalis  Pickleweed 


Very  high  salinity,  surface  soil 
stays  saturated  through  summer  due 
to  shallow  water  table. 


Artemisia  tridentata     Big  sagebrush 


Low  salinity,  higher  precipitation 
than  shadscale.   Stunted  plants  may 
indicate  saline  subsoil  or  shallow 
hardpan. 


Atriplex  conf ertifolia   Shadscale 


Lower  precipitation  than  big 
sagebrush,  saline  subsoil. 
Indicates  physiological  drought 
(due  to  salts)  or  climate  drought. 


Chrysothamnus  nauseosus 

ssp.  consimilis         Salt  rabbitbrush 


Nonsaline  to  moderately  saline 
soils.   Water  table  4.9  to  8.2  feet 
(1.5  to  2.5  m)  deep. 


Chrysothamnus  albidus   White-flower 

rabbitbrush 


Saline  soils,  shallow  water  table. 


Distichlis  stricta      Inland  saltgrass 


High  to  low  salinity,  tolerates 
higher  salinity  when  the  water 
table  is  shallow  and  soil  moisture 
is  high.   Water  table  generally  no 
deeper  than  8.2  feet  (2.5  m) . 


Ely 


mus  cmereus 


Great  Basin 
Wildrye 


Low  to  moderately  high  salinity. 
Water  table  generally  within  8.2 
feet  (2.5  m)  of  surface.   Highest 
production  where  soil  is  wet  but 
not  saturated  through  summer. 


Kochia  sp . 


Dry,  well  drained  soils  to  dry, 
saline  soils  with  water  table 
deeper  than  6.6  feet  (2  m) . 


Nitrophila  occidentalis  Nitrophila 


High  to  moderate  salinity,  shallow 
water  table. 


Puccinellia  sp. 


Alkali  grass     High  to  moderate  salinity,  shallow 
water  table,  surface  ponding  of 
water. 


Salicornia  sp . 


High  salinity,  very  shallow  water 
table. 


Sarcobatus  vermiculatus  Greasewood 


Low  to  high  salinity,  water  table 
within  14.8  feet  (4.5  m)  of 
surface.   Surface  soil  must  be  well 
aerated.   High  tolerance  to  Na  and 


Sporobolus  airoides 


Alkali  sacaton   Low  to  high  salinity,  shallow  water 
table. 
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Figure  1. — Vegetative  and  reproductive  phenology  of  salt  rabbitbrush  and 
greasewood  in  central  Nevada  in  1979  (Roundy  and  others  1981), 


Table  2. — Control  of  salt  rabbitbrush,  greasewood  and  big  sagebrush  by 
2,4-D  applied  at  the  optimum  rate  of  2.0  lb/acre  (2.2  kg/ha) 
on  mesic  and  xeric  sites  in  1979  (Adapted  from  Cluff  and 
others  1983). 


Soil  water  potential 
Site     at  15.7  inches  (40  cm) 
treated       mid-June 
(MP  a) 


Brush  Mortality  (%) 
Greasewood   Salt  rabbitbrush   Big  sagebrush 
mid-June  mid-May   mid-June 


Mesic 
Xeric 


-0.5 

-1.5 


64a 
33b 


88a 
66a 


91a 


27a 


lleans  for  a  species  followed  by  the  same  letter  are  not  significantly 
different  at  the  0.01  level  of  probability,  as  determined  by  Duncan's 
multiple  range  test. 
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White-flowered  rabbitbrush  was  very  tolerant  of 
herbicides,  even  when  applied  2  years  in  a  row. 
Sites  dominated  by  this  shrub  should  not  be 
sprayed  for  brush  control. 

Rubber  rabbitbrush  is  only  partially  controlled 
by  burning  but  is  more  susceptible  to  2,4-D  after 
burning  (Robertson  and  Cords  1957).   Greasewood 
has  been  reported  to  resprout  following  burning 
(Sheeter  1968).   Because  greasewood  that  has 
resprouted  following  herbicide  application  is 
more  susceptible  to  2,4-D  (Cluff  and  others  1983) 
it  may  be  hypothesized  that  shrubs  resprouted 
following  burning  may  also  be  more  susceptible  to 
2,4-D  than  untreated  shrubs. 

Partial  control  of  sagebrush,  greasewood  or 
rabbitbrush  will  result  in  rapid  redominance  by 
these  shrubs.   Salt  rabbitbrush  has  high 
potential  to  colonize  disturbed  areas.   It 
produces  an  average  of  13,500  achenes  per  plant 
which  are  easily  disseminated  by  wind  due  to  the 
capillary  bristles  of  the  pappus  (Roundy  and 
others  1981).   Greasewood  shrubs  surviving 
partial  brush  control  respond  reproductively  to 
the  removal  of  competition.   Only  20  percent  of 
the  greasewood  shrubs  in  an  undisturbed  stand 
produced  seeds  while  in  an  adjacent  area  of 
partial  brush  control,  43  percent  of  the 
resprouted  shrubs  produced  an  average  of  250 
seeds  per  plant  (Roundy  and  others  1981).   In  an 
area  in  which  50  percent  of  the  shrubs  were 
controlled  4  years  earlier  average  numbers  of 
seedlings  exceeded  those  in  adjacent,  untreated 
area  by  2,428,  28,329,  and  2,023  per  acre  (6,000, 
70,000,  and  5,000  per  ha)  respectively,  of  big 
sagebrush,  salt  rabbitbrush  and  greasewood. 

FORAGE  RELEASE  POTENTIAL 

Great  Basin  wildrye  is  sensitive  to  spring 
clipping  and  frequent  herbage  removal  during  the 
growing  season  (Krall  and  others  1971;  Perry  and 
Chapman  1974,  1975,  1976).   Response  of  wildrye 
to  brush  control  and  grazing  management  is 
currently  being  studied  in  central  Nevada  (Roundy 
and  others  1983).   Tiller  counts  and  excavations 
of  small  plants  on  good  condition,  brush 
controlled  and  overgrazed  sites  indicate  that 
after  brush  control  and  rest  (1)  natural  seedling 
establishment  of  wildrye  in  severely  depleted 
stands  is  very  low  so  these  stands  are  slow  in 
coming  back  to  productive  potential  (2)  severely 
grazed  stands  consist  of  only  a  few  plants  which 
probably  grew  within  shrub  canopies  and  were  less 
accessible  to  grazing  animals  and  (3)  stands  with 
a  good  understory  of  wildrye  respond  rapidly  to 
grazing  management  and  brush  control  probably  by 
increased  tillering  and  rhizome  growth  of 
existing  plants.   More  research  is  needed  to 
fully  understand  the  release  potential  of 
wildrye.   It  is  quite  certain  that  unless  brush 
control  is  followed  by  grazing  management  of 
wildrye  no  forage  release  can  be  expected. 


Roundy,  B.  A.  Reno,  NV:  Data  on  file  with 

USDA/ARS;  1978  and  1979. 
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Roundy,  B.  A.   Reno,  NV :  Data  on  file  with 
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Proper  grazing  management  of  wildrye  includes 
grazing  only  in  fall  and  winter  after  the 
growing  season  or  grazing  moderately  (less  than 
50  percent)  during  the  growing  season.   Grazing 
of  wildrye  during  the  boot  stage  should 
especially  be  avoided  (Krall  and  others  1971). 

Little  is  known  of  the  response  of  saltgrass, 
alkali  sacaton  and  other  associated  forage 
species  to  brush  control.   Growth  of  forage  on 
saline/arid  soils  is  probably  most  limited  bv 
low  soil  matric  and  osmotic  potentials.   Higher 
soil  water  potentials,  a  longer  period  when 
soil  water  is  available  to  forage  plants,  and 
subsequent  higher  forage  production  would  be 
expected  following  brush  control  due  to  greatly 
reduced  transpirational  soil  water  loss. 

RANGE  SEEDING 

Many  greasewood/salt  rabbitbrush  communities 
that  may  or  may  not  include  big  sagebrush  have 
a  high  potential  for  forage  production. 
Communities  that  have  little  understory  forage 
will  never  produce  up  to  potential  until  brush 
is  controlled  and  forage  species  are 
reestablished  by  seeding.   Limitations  to 
seedling  establishment  include  low  soil  matric 
and  osmotic  potentials  due  to  high  salts,  low 
precipitation  and  low  soil  infiltration  rates, 
hard  soil  crusts,  and  possibly  toxic  ion 
concentrations.   Nonsaline,  dry  soils 
(electrical  conductivity  of  the  saturation 
extract  or  ECe  less  than  4  mmhos)  can  be  seeded 
to  drought-tolerant  crested  wheatgrass  (see 
Haas  and  others  1962)  . 

Moderately  saline  soils  (ECe  4-15  mmhos)  should 
be  seeded  to  salt  tolerant  species  such  as 
alkali  sacaton,  creeping,  basin  and  Russian 
wildrye,  western,  streambank  and  tall 
wheatgrass  and  tall  fescue  (Haf enrichter  and 
others  1968,  Plummer  and  others  1968).   Tall 
wheatgrass  and  Russian  and  basin  wildrye  have 
greatest  potential  for  seeding  saline,  arid 
rangelands.   Although  these  grasses  have 
greater  drought  or  salinity  tolerance  than  most 
forage  species  each  has  certain  limitations. 
Tall  wheatgrass  is  very  salt  tolerant  but 
requires  11.8  to  13.8  inches  (30  to  35  cm) 
annual  precipitation  on  nonirrigated  land 
(Haf enrichter  and  others  1968,  Vallentine 
1961).   Basin  wildrye  and  tall  wheatgrass 
seeded  on  soils  with  an  ECe  greater  than  15 
mmhos  have  emerged  under  irrigation  but  failed 
to  establish  (Rollins  and  others  1968).   An 
improved  cultivar  of  basin  wildrye  called 
'Magnar'  recently  released  by  the  Soil 
Conservation  Service  has  much  higher 
germination  and  seed  fill  than  other  seed 
collections  of  wildrye  (Evans  and  Young  1983). 
Research  is  currently  underway  comparing 
germination,  salinity  and  drought  tolerance  of 
'Jose'  tall  wheatgrass  and  Magnar  basin 
wildrye.   Although  Magnar  wildrye  germinates 
better  than  other  wildrye  collections  at 
reduced  osmotic  potentials,  it  has  much  lower 
germination  than  Jose  tall  wheatgrass  at  the 
low  osmotic  and  matric  potentials  which  are 
characteristic  of  saline,  arid  soils  (Roundy 
and  others  1982).   Magnar  requires  greater  and 


58 


more  frequent  precipitation  or  irrigation  in  the 
spring  than  Jose  to  produce  an  acceptable  stand 
of  seedlings  (Roundy  1983a).   Both  Magnar  and 
Jose  seedlings  are  tolerant  of  high  sodium 
concentrations  but  Jose  is  more  tolerant  to  high 
B  concentrations  and  less  sensitive  than 
Magnar  to  decreasing  soil  osmotic  potentials 
(increasing  ECe)  due  to  salts  (Roundy  1983b). 

Salt  tolerance  indices  (ECe  where  50  percent 
reduction  in  yield  occurs)  were  18  and  13  mmhos 
for  Jose  and  Magnar  shoots  and  12  and  14  mmhos 
for  Jose  and  Magnar  roots,  respectively. 
Although  tall  wheatgrass  appears  better  able  to 
establish  on  saline,  arid  soils  than  basin 
wildrye,  established  stands  of  wildrye  endure 
longer  periods  of  summer  drought  (Haf enrichter 
and  others  1968)  and,  therefore,  will  probably 
persist  on  more  droughty  soils  than  tall 
wheatgrass. 

Russian  wildrye  is  very  drought  resistant 
(Hafenrichter  1968)  and  has  produced  well  in 
saline  soils  (Rauser  and  Crowle  1963)  but  is  very 
difficult  to  establish  due  to  poor  seedling  vigor 
(Hafenrichter  and  others  1968;  Vallentine  1961). 
Until  plant  materials  with  greater  drought  and 
salinity  tolerance  are  available,  the  seeding  of 
saline,  arid  rangelands  without  irrigation  is 
risky.   Seeding  without  irrigation  is  recommended 
only  on  sites  with  an  ECe  less  than  15  mmhos  and 
that  receive  11.8  to  13.8  inches  (30  to  35  cm) 
annual  precipitation  with  3.9  to  5.9  inches  (10 
to  15  cm)  precipitation  between  April  and  June. 
Basin  wildrye  and  tall  wheatgrass  established  on 
sites  where  their  roots  tap  the  capillary  fringe 
of  the  water  table  could  be  highly  productive. 
The  more  mesic  the  site  and  the  higher  the 
precipitation  during  winter  and  spring  following 
fall  seeding,  the  greater  the  establishment  will 
be  on  moderately  saline  rangeland  soils.   The 
fine-textured,  lowland  soils  of  greasewood 
communities  should  be  seeded  with  a  minimum  of 
soil  disturbance  with  a  standard  rangeland  drill 
and  shallow  furrows.   Plowing  these  soils  and 
seeding  them  with  a  deep-furrow  drill  may  cause 
the  soil  to  flow  when  saturated  from  winter 
storms  and  result  in  excessive  seed  burial  and 
formation  of  a  hard  soil  crust  and  possibly  bring 
up  salts  from  lower  depths. 

SUMMARY  AND  RECOMMENDATIONS 

1.  Greasewood  and  saltgrass  sites  are  highly 
variable  in  salinity,  drainage,  soil  water 
potential,  and  associated  plants. 

2.  Sites  with  greatest  potential  for  forage 
improvement  generally  have  an  understory  of 
basin  wildrye,  saltgrass  or  alkali  sacaton 
and  an  overstory  of  greasewood,  salt 
rabbitbrush  and  sometimes  big  sagebrush. 


Roundy,  B.  A. 
USDA/ARS:  1980. 


3.  Greasewood  and  salt  rabbitbrush  can  best 
be  controlled  on  mesic  sites  by  spraying 
with  2.0  lb/acre  (2.2  kg/ha)  2,4-D  the 
first  3  weeks  of  June  when  both  shrubs  are 
growing  rapidly.   On  xeric  sites  complete 
control  of  greasewood  and  rabbitbrush  may 
require  a  respray  in  June  the  following 
year.   On  xeric  sites  control  of 
sagebrush,  greasewood,  and  salt 
rabbitbrush  may  only  be  possible  by 
spraying  in  early  May  one  year  to  control 
sagebrush  and  respraying  one  and  possibly 
two  years  later  in  June  to  control 
greasewood  and  rabbitbrush. 

4.  Sites  with  a  good  understory  of  wildrye 
will  respond  rapidly  to  brush  control  and 
management  where  grazing  is  restricted  to 
fall  and  winter. 

5.  Sites  with  a  poor  wildrye  understory  must 
be  seeded  to  improve  forage  production 
since  natural  seedling  establishment  is 
very  low.   Nonsaline  and  xeric  sites  (ECe 
less  than  4  mmhos)  should  be  seeded  to 
crested  wheatgrass.   Tall  wheatgrass  and 
Magnar  basin  wildrye  are  recommended  for 
seeding  in  soils  with  ECe  of  4  to  15  mmhos 
and  which  receive  a  minimum  of  11.2  inches 
(30  cm)  precipitation  with  3.9  inches  (10 
cm)  between  April  and  June.   Seeding  drier 
or  more  saline  sites  may  require 
irrigation  to  be  successful. 

6.  Mesic,  nonsaline  or  moderately  saline 
greasewood/saltgrass  sites  have  high 
potential  for  forage  production  after 
successful  range  improvements  and  proper 
grazing  management. 
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RESPONSE  OF  UNDERSTORY  SPECIES  TO  TREE  HARVESTING  AND  FIRE 


IN  PINYON-JUNIPER  WOODLANDS 


Richard  L.  Everett  and  Steven  H.  Sharrow 
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INTRODUCTION 


and  tree  harvesting  have  been 
ly  to  increase  understory 
inyon-juniper  woodlands  when 
proper  serai  stage.   Natural 
iable  among  sites  and  exhibits 
ce  points  into  the  successional 
and  tree  harvesting  stimulate 
of  early-to-midsuccessional 
the  pinyon-juniper  successional 


Understory  cover  in  pinyon-juniper  woodlands 
has  declined  dramatically  over  the  last  few 
decades  because  of  increasing  tree  dominance 
(Blackburn  and  Tueller  1970;  Tausch  and  others 
1981).   Unfortunately  for  both  livestock  and 
wildlife,  the  forage  base  has  declined  even 
faster.   On  some  sites  one-third  of  understory 
production  has  been  lost  when  trees  are  still 
less  than  6.6  feet  (2  m)  in  height  (West  and 
others  1979)  and  herbage  yields  may  decline  by 
82  percent  when  tree  canopy  cover  exceeds  50 
percent  (Arnold  and  others  1964). 


Where  woodlands  are  managed  for  both  forage  and 
wood  products,  forage  may  be  enhanced  in  a 
patchwork  of  small  treated  areas.   Economic  and 
topographic  constraints  make  small  treatment 
sites  unamenable  to  mechanized  seeding,  thus 
natural  plant  response  must  improve  the  forage 
base.   Understory  establishment  and  growth  can  be 
expected  following  release  from  tree  competition 
as  indicated  by  pinyon-juniper  successional 
models  (fig.  1).   These  models  suggest  basic 
trends  in  plant  succession,  however,  plant 
response  on  a  particular  site  is  not  totally 
predictable.   A  site  is  a  composite  of  subsites 
(microsites) ,  each  with  its  own  sere  and  rate  of 
successional  advancement. 


CLIMAX 

PINYON-JUNIPER 
WOODLAND 


FIRE 


SKELETON  FOREST  &  BARE  SOIL 


Removal  of  trees  is  imperative  for  forage 
improvement,  but  indiscriminate  destruction  of 
trees  to  release  the  understory  wastes  the  tree 
resource.   Tree  products,  such  as  cordwood, 
charcoal,  Christmas  trees,  and  nuts  have 
economic  value  and  a  good  case  has  been  made 
for  their  management  (Johnson  1975).   Jensen's 
(1972)  work  in  the  House  Canyon  pinyon-juniper 
management  unit  of  central  Nevada  demonstrated 
both  tree  and  forage  resources  could  be 
improved  through  appropriate  silvicultural 
practices.   Modern  silvicultural  (Meeuwig  and 
Bassett1)  and  range  management  (Evans  and 
others  1975)  practices  recognize  site  quality 
differences  for  tree  and  forage  production  and 
recommend  small  (<5  acres  [2  ha])  treatment 
areas  following  an  intensive  site  selection 
process. 
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Figure  1. — Pinyon-juniper  succession  following 
fire  (Arnold  and  others  1964). 
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DISCUSSION 

Competition  Between  Tree  and  Understory  Species 

Plant  response  following  tree  release  is 
influenced  by  the  tree-induced  effects  that 
caused  understory  decline.   Tree  effects  on 
understory  vary  with  tree  species,  associated 
understory  species,  and  site  characteristics, 
thus  no  one  scenario  fits  all  conditions.   To 
avoid  confusion  and  the  misinterpretation  of 
findings,  both  authorship  and  the  predominant 
tree  species  in  cited  studies  are  given. 
Dominant  tree  species  discussed  are:  Pinus 
monophylla    (PIMO)  singleleaf  pinyon,  Pinus 
edulis    (PIED)  pinon,  Juniperus  osteosperma 
(JUOS)  Utah  juniper,  Juniperus  monosperma 
(JUMO)  one-seed  juniper,  Juniperus  deppeana 
(JUDE)  alligator  juniper,  and  Juniperus 
oaaidentalis    (JUOC)  western  juniper.   If  more 
than  three  tree  species  were  covered  in  a  given 
study,  the  key  (MULT)  will  be  used. 

Adjacent  trees  outcompete  most  understory 
species  for  soil  moisture  (Jeppesen  1977 
[JUOC]),  light  (Jameson  1966  [JUMO]),  and 
nutrients  (Barth  1980  [PIED]),  thus  understory 
declines  as  succession  proceeds.   In  dense 
stands  ubiquitous  tree  roots  (Woodbury  1947 
[MULT];  Plummer  1958  [PIED  -  JUOS])  cause  rapid 
surface  soil  moisture  withdrawal  from  all  soil 
microsites — the  duff  (thick  needle  mat)  under 
the  crown,  transition  zone  adjacent  to  the  tree 
crown,  and  the  interspace  between  trees.   The 
tree  species  competitive  advantage  is  partly 
due  to  the  utilization  of  soil  moisture  prior 
to  the  breaking  of  dormancy  of  many  understory 
species  (Jeppesen  1977  [JUOC])  and  the  presence 
of  a  tap  root  that  withdraws  moisture  at  a 
depth  unavailable  to  grass  species  (Emmerson 
1932  [PIED  -  JUMO]). 

As  trees  increase  in  size  and  the  stand 
thickens,  the  duff  under  the  tree  crown 
occupies  much  of  the  ground  surface  (s50 
percent;  Everett  and  Koniak  1981  [PIMO]).   A 
dense  needle  mat  >10  m2  in  area  under  a  single 
large  singleleaf  pinyon  is  not  uncommon.   Duff 
visibly  delineates  an  area  of  nutrient 
enrichment  (Barth  1980)  at  the  expense  of 
interspace  soils  and  associated  understory. 

Pinyon  litter  physically  reduced  understory 
plant  establishment;  shading  or  allelopthic 
effects  reduced  understory  persistence  under 
the  tree  crown.   In  time,  the  understory  is 
displaced  from  the  tree  stem  of  singleleaf 
pinyon  and  one-seed  juniper  (Johnsen  1962).   We 
found  understory  cover  declined  in  the 
interspace  between  adjacent  singleleaf  pinyon 
trees,  increased  at  the  crown  edge,  and  became 
negligible  under  the  dense  crown  (Everett  and 
others2  [PIMO]).   Understory  cover  as  a  whole 


^Everett,  R.  L.;  Sharrow,  S.  H.;  Meeuwig,  R.  0. 
Pinyon-juniper  woodland  understory  distribution 
patterns  and  species  associations.  Submitted  to 
Torrey  Botanical  Club  Bulletin. 


declined  with  increased  tree  cover,  but  the 
transition  zone  adjacent  the  tree  crown  became 
somewhat  more  "favorable"  for  understory  growth 
under  these  conditions.   Plummer  (1958) 
reported  opposite  understory  distribution 
patterns  associated  with  pygmy  conifers  in 
Utah,  thus  no  one  scenario  will  fit  all 
understory-overstory  species  combinations. 

Understory  species  are  not  equally  suppressed  by 
tree  competition  and  this  results  in  discernible 
species  zones  around  the  tree  stem  (Arnold  1964 
[JUMO];  Johnsen  1962  [JUMO]).   Several  cool 
season  grasses  {i.e.,    prairie  June  grass  Koelaria 
cristata;   western  wheatgrass  Agropyron  smithii; 
bottlebrush  Sitanion  hystrix;   mutton  bluegrass 
Poa  fendleriana)    are  more  abundant  under  or 
adjacent  the  tree  crown  of  alligator  juniper  than 
in  the  interspace  between  trees  (Clary  and 
Morrison  1973).   We  found  Sandberg  bluegrass  {Poa 
sandbergii)    only  grudgingly  displaced  from 
singleleaf  pinyon  duff  while  prostrate  forbs  were 
readily  expelled.   These  preexisting  species 
patterns  at  the  time  of  either  burning  or 
harvesting  treatments  are  reflected  in 
post-treatment  response  as  discussed  later. 


Tree  Harvesting  and  Prescribed  Burning  Treatment 

The  literature  is  replete  with  reports  of 
increased  understory  cover  and  production 
following  tree  removal  by  hand  chopping, 
chaining,  herbicides,  and  prescribed  burning 
(Arnold  and  Schroeder  1955  [MULT];  Aro  1971 
[MULT];  Clary  and  others  1974  [JUDE  -  JUOS]; 
Evans  and  others  1975  [PIMO]).   Mechanical 
treatments  are  applicable  when  planted  seed  must 
be  covered  to  establish  desirable  species  and 
exclude  invaders  {i.e.,    cheatgrass  Bromus 
teatorum) . 

Where  seeding  or  seed  covering  is  not  required, 
prescribed  burning  can  be  less  expensive  than 
mechanical  or  chemical  treatment  (Blackburn  and 
Bruner  1975  [PIMO  -  JUOS]).   Hand-harvested  wood 
can  provide  a  cash  crop  in  itself,  and  cleared 
areas  provide  transitory  range.   Thus  burning  and 
wood  harvesting  are  two  viable  alternatives  for 
forage  improvement.   The  choice  between  the  two 
treatments  is  decided  by  future  use  of  the  site, 
economic  value  of  the  wood,  and  stand 
physiognomy. 

Controlled  burns  require  an  understory  adequate 
to  carry  fire  (Bruner  and  Klebenow  1979  [PIMO  - 
JUOS];  Richard  Young,3  this  symposium  [JUOC]), 
thus  early-to-midsuccessional  stands  are  usually 
burned.   Prescribed  burning  has  been  used 
successfully  to  increase  understory  production 
and  to  eliminate  tree  species  (Barney  and 
Frischknecht  1974  [JUOS];  Dwyer  and  Pieper  1967 
[JUDE])  and  was  selected  by  Aro  (1971  [MULT])  as 
the  optimum  conversion  method  where  practical. 
Closed  stands  lack  understory  necessary  for 


■^Young,  R~!  W.    The  use  of  fire  to  control  and 
improve  wildland  sites. 
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controlled  burns,  but  are  more  easily  harvested 
for  cordwood.  ting  has  been  used 

effectively  to        tree  competition  in  Arizona 
(Arnold  an  i   <55  [MULT])  and  Oregon 

(Jeppesen  19i 


Plant  Respon;   Fol 
Prescribed  Burn. 


:,Ling  or 


The  character  of  plant  response  following  burning 
or  tree  harvesting  is  dependent  upon  the 
predisturbance  level  of  understory  suppression, 
which  varies  with  tree  cover,  the  tree  species, 
and  the  soil  type  (Clary  and  other  1974  [JUOS  - 
JUDE];  Springfield  1976  [JUMO  -  JUDE]).   The 
selected  conversion  technique  and  resultant  site 
disturbance  further  alters  plant  response  (Clary 
and  others  1974)  such  that  quantitative  response 
values  can  rarely  be  extrapolated  from  one 
project  to  another.   Nevertheless,  general  trends 
of  plant  response  and  their  probable  causes  can 
provide  insight  for  land  managers  in  the 
estimation  of  potential  response  on  future 
treatment  sites. 

Plant  succession  following  burning  or  tree 
harvesting  may  tend  toward  the  standard 
successional  model,  but  post-treatment  plant 
assemblages  may  depict  any  number  of  the  early 
successional  stages  (fig.  2).   Even  though 
pretreatment  stands  may  be  similar,  initial  plant 
composition  of  post-treatment  communities  can 
vary  considerably  (Everett  and  Ward1*).   This  is 
due  to  the  irregular  germination  of  soil  seed 
reserves  (Koniak  and  Everett5)  and  the  random 
immigration  of  off-site  species. 

TREE 


SHRUB 
1 


ANNUAL    FORB 


PERENNIAL  FOR8/GRASS 


FIRE 

or 

TREE  HARVEST 

MULTIPLE  PATHWAYS  OF  EARLY  SUCCESSION 

Figure  2. — Natural  response  following  fire  or 
tree  harvesting  in  pinyon-juniper  woodlands. 


"*Everett,  R.  L.;  Ward,  K.  Early  plant  succession 
on  pinyon-juniper  controlled  burns.  Northwest 
Sci.  In  press. 

5Koniak,  S.;  Everett,  R.  L.  Soil  seed  reserves 
in  successional  stages  of  pinyon  woodlands.  Am. 
Midi.  Nat.  In  press. 


Plant  response  often  varies  as  much  within  an 
array  of  burn  or  tree  harvest  sites  as  between 
the  two  treatments.   Precise  response  is 
unpredictable  for  either  treatment  because  of 
potentially  unknown  species  immigration,  soil 
seed  reserves,  and  post-treatment  environmental 
variables.   General  plant  response  may  be 
estimated  from  soil  characteristics  such  as  CaCO* 
levels  (O'Rourke  and  Ogden  1969  [JUDE]),  soil 
depth,  or  stoniness  (Stevens  and  others  1974 
[JUOS  -  PIED]).   Elevation,  aspect, 
precipitation,  and  indicator  plant  species  may 
also  provide  an  estimate  of  potential 
post-harvest  response  (Stevens  and  others  1974 
[JUOS  -  PIED];  Winward6).   The  qualitative 
character  of  succession  is  predetermined  at  an 
early  stage  on  many  sites  because  of  the  presence 
of  numerous  plant  forms,  including  many 
midsuccesssional  species  (Everett  and  Ward4). 

Following  burning,  number  of  understory  species 
increases  because  of  the  rapid  return  of 
pretreatment  species  together  with  the 
establishment  of  numerous  fire-induced  species 
(Everett  and  Ward1*).   This  result  could  be 
expected  from  Nabi's  (1978)  report  that  species 
numbers  decline  as  pinyon-juniper  succession 
proceeds.   Tree  harvest  of  fully  stocked  stands 
did  not  dramatically  increase  species  numbers 
because  soil  seed  reserves  were  low  and  few 
understory  plants  remained  when  succession  had 
proceeded  this  far  (Everett  1978;  Koniak  and 
Everett5) . 

Understory  species  provided  approximately  30 
percent  ground  cover  5  years  following  prescribed 
burning  (Everett  and  Ward   [PIMO]),  but  less  than 
9  percent  cover  following  tree  harvesting  on 
fully  stocked  singleleaf  pinyon  stands.   Greater 
understory  response  following  burning  was 
expected  because  predisturbance  understory  cover 
on  burns  (38  percent)  was  10  times  greater  than 
predisturbed  understory  on  tree-harvested  (3 
percent)  plots. 

Increases  in  forage  production  following  fire  of 
400  to  1100  lbs/acre  (448  -  1232  kg/ha)  have  been 
reported  by  Aro  (1971  [MULT]).   Similar  increases 
in  herbage  production  following  tree  harvesting 
have  been  reported  by  Arnold  and  Schroeder  (1955 
[MULT]),  Clary  (1974  [JUDE]),  and  Springfield 
(1976  [MULT]).   Herbage  production  can  continue 
to  increase  for  13  years  following  tree  harvest 
(Arnold  and  others  1964  [MULT]),  but  response  is 
site  and  year  specific  (Clary  1974  [JUDE]).   No 
increase  in  herbage  production  following  tree 
removal  has  been  noted  on  some  sites  (O'Rourke 
and  Ogden  1969  [JUDE];  Clary  and  others  1974 
[MULT]).   Unfavorable  moisture  regimes  and  the 
absence  of  understory  species  capable  of 
utilizing  released  resources  were  suggested 
causes  for  the  lack  of  response. 


bWinward,  A.  H.  Using  sagebrush  ecology  in 
management  of  wildlands.  In:  Proceedings,  Utah 
Shrub  Ecology  Workshop;  September  1981.  In  press. 
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Plant  response  is  not  uniform  within  treated 
sites  partly  because  of  the  various  soil 
microsites  present  and  the  pretreatment  plant 
distribution  patterns.   Burned  duff  zones  have 
remained  devoid  of  vegetation  much  like  the 
burned  slash  piles  following  mechanical 
treatments  (Arnold  and  others  1964  [MULT]). 
Thus  plant  response  has  been  most  rapid  in  the 
microsites  between  the  trees  on  harvest  plots. 

On  tree  harvest  sites  with  a  contiguous  grass 
understory,  response  has  been  greatest  at  the 
crown  edge.   Increased  soil  moisture  storage 
and  nutrient  reserves  under  the  duff  promote 
the  vigor  of  established  plants  in  accord  with 
the  preharvest  plant  distribution  patterns 
discussed  earlier.   Where  understory  is  more 
sparse,  response  is  less  orderly  because  of  the 
random  location  of  remnant  plants,  soil  seed 
reserves,  and  plant  establishment  from  off-site 
immigration. 


CONCLUSIONS 
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In  pinyon-juniper  woodlands,  understory 
declines  dramatically  under  intense  tree 
competition  for  soil  moisture,  light,  and 
nutrients.   Thus,  attempt?  tc  improve  forage  by 
grazing  management  alone  are  unsuccessful. 
Prescribed  burning  and  trie  harvesting  at 
different  serai  stages  have  generally  increased 
herbaceous  growth  but  response  varies 
considerably.   Attempts  to  predict 
post-treatment  response  based  on  standard 
successional  models  have  failed  because  of  the 
multiple  entrsifp  points  into  the  successional 
model  iiui   the  aba   :e  :       Lfic  serai  stages 
as  succession  proceeds.   Response  has  been  most 
fruitful  when  desirable  specii   all     present 
were  capable  of  uti! .        .  ui ces 

and  occurred  in  sufficient  qui  titities  to  do  so. 

Cover  and  productivity  of  understory  are  not 
uniform  across  treatment  sites  i  ' 1   '•;,  tree 
removal,  but  reflect  pretreatment  plant 
distribution  patterns,  and  an  array  of  soil 
surface  microsites  that  vary  in  available  soil 
nutrients.   Response  on  grossly  similar  sites, 
that  vary  in  the  proportion  of  each  soil 
microsite,  may  well  be  qualitatively  but  not 
quantitatively  similar. 

Understory  response  to  burning  in 
midsuccessional  stands  can  be  more  rapid  than 
to  tree  harvesting  of  fully  stocked  stands  due 
to  the  negligible  understory  of  the  latter 
sites.   Where  understory  is  more  vigorous, 
post-harvest  understory  response  provides 
substantial  increases  in  forage. 
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METHODS  FOR  IMPROVING  MOUNTAIN  MEADOW  COMMUNITIES 
Richard  E.  Eckert,  Jr. 


ABSTRACT:     Mountain  meadow  communities  are  not 
producing  to   their  potential.     This  paper  describes 
five  ways   to  improve  these  communities  for  live- 
stock, wildlife,   and  site  stability.     Methods 
discussed  are  weed  control   and  seeding,   iris 
control,   tree  and  shrub  transplants,   check  dams, 
and  grazing  management. 


INTRODUCTION 


to 


Mountain  meadow  communities  occur  adjacent 
streams  and  springs  in  mountainous  terrain. 
Deep  fertile  soils  and  good  soil   moisture  from  a 
seasonal   water  table  contribute  to  a   vegetative 
composition  much  different  from,  and  with  a 
productive  potential   much  greater  than,   adjacent 
upland  rangeland.     Most  meadow  communities  are 
classified  as  Wet  Meadow  Range  Sites  by  the  Soil 
Conservation  Service.     Sites  in  a   high  serai    stage 
are  dominated  by  tufted   hairgrass   (Deschampsia 
cespi tosa) .     Sites  in  lower  serai    stages  are 
dominated  by  Kentucky  bluegrass   (Poa  pratensis), 
Nevada  bluegrass   (F\   nevadensis) ,   slender  wheat- 
grass   (Agropyron  trachycaul urn) ,  meadow  barley 
(Hordeum  brachyantherum) ,  mat  muhly  (Muhlenbergia 
richardsonis),   sedges   (Carex  sp.)  and  rushes 
(Juncus  sp.).     Common  forbs  are  Rocky  Mountain 
iris   (Iris  missouriensis) ,  western  yarrow 
(Achillea  lanulosa),  common  dandelion   (Taraxacum 
officinale),   mountain  dandelion   (Agoseris  sp.) 
and  cinquefoil    (Potentilla   sp.).     Communities  are 
small,   ranging  from  several    hundred  square  feet 
to  several    hundred  acres.     However,   species 
composition  and  productive  potential   make  these 
areas  important  sources  of  forage  and  water  for 
livestock   (Phillips  1965;   Cook  1966)  and  game 
habitat   (Patton  and  Judd  1970;   Ames  1977;   Hubbard 
1977). 


Richard  E.   Eckert,   Jr.    is  a  Range  Scientist  with 
the  USDA  Agricultural    Research  Service  at  the 
Renewable  Resources  Center,   University  of  Nevada, 
Reno. 
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Because  of  past  mismanagement,  many  meadow 
communities  are  not  producing  to  potential    for 
livestock  or  wildlife,   nor  is  the  present  cover 
protecting  the  site.     The  degree  of  mismanagement 
is  reflected  by  different  serai    stages  found  today. 
Meadows  in  a   very  low  serai    stage  are  characterized 
by  channel   entrenchment  and   head  cutting,   loss  of 
desirable  species,   increase  and   invasion  by  un- 
desirable species,  and  loss  of  productivity. 
Meadows  in  a  mid  serai    stage   have  a  remnant  stand 
of  desirable  species  but  productivity  is  suppressed 
by  herbaceous  weeds  such  as  Rocky  Mountain  iris. 
Meadows  in  a   high  serai    stage  have  a   full    stand 
of  desirable  species,   but  maximum  productivity 
is  reduced  because  of  improper  grazing  management. 

In  this  paper,   research  on  improvement  of  meadow 
communities  for  livestock,  wildlife,  and  site 
stability  is  reviewed  and  updated  with  the  results 
of  meadow  restoration  work  conducted  in  Nevada 
from  1964   to  1972. 


WEED  CONTROL  AND  SEEDING 

Good  weed  control    is  essential    for  establishment 
of  a   productive  stand  of  seeded   species.     Cornelius 
and  Talbot   (1955),    Plummer  and  others    (1955), 
Rummell   and  Holscher   (1955),   Eckert  and  others 
(1973a),   and  Eckert   (1975)  all    found   that  weedy 
vegetation  such  as  sedge,   poverty  weed   ( Iva 
axil laris) ,   and  cheatgrass   (Bromus  tectorum)  was 
best  controlled  by  a   summer-fallow  treatment. 
Eckert  and  others   (1973a)   described  the  reduction 
in  competition  that  is  possible  with  an  effective 
summer  fallow  (table  1).     This  method  of  weed 
control    is  usually  accomplished  by  plowing  in  late 
spring  or  early  summer  when  sod-forming  species 
have  begun  growth  and  after  weed  seeds  have  ger- 
minated.    Prior  to  seeding  in  the  fall,   the  sod  is 
broken  down  and  a   seedbed  prepared  by  use  of  a  disk 
harrow  or  similar  equipment. 


Richard  E.    Eckert,   Jr.      Reno,   NV:     Data  on  file 
at  USDA,   Agricultural    Research  Service,    Renewable 
Resource  Center;   1980. 
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Table  1. --Yield  of  competitive  vegetation  during  the  seedling  year  on  the  check  and  summer  fallow 
treatments  on  cheatgrass-poverty  weed  and  sedge  sites. 


Weed 

control 

treatments 


Species  yield 


Cheatgrass 


Sedge 


Cheatgrass-poverty  weed  site 

Check 

Summer  fallow 


-1  b/acre- 


3000a 
1800a 


0b 
0b 


Sedge  site 

Check 

Summer  fallow 


0a 
320a 


580a 
0b 


Species  means  within  site  followed  by  different  letters  are  significantly  different  at  the  0.1    probability 
level   as  determined  by  Duncan's  multiple  range  test. 


Success  of  seeding  in  deep  furrows  has  been 
demonstrated  by  Eckert  and  Evans   (1967)   in  the 
sagebrush  type,   by  Hull    (1970)  at  high  elevations, 
and  by  Eckert  and  others   (1973a)   in  mountain 
meadows.     Deep  furrows  can  be  made  with  shovel - 
type  openers  or  with  a  rangeland  drill   equipped 
with  deep-furrow  arms   (Asher  and  Eckert  1973). 

Species  and  cultivars  used  to  revegetate  mountain 
meadows  should  be  adapted  to  the  site  and  to  the 
proposed  use  of  the  new  vegetation.     Stewart  and 
others   (1939),   Pickford  and  Jackman   (1944), 
Cornelius  and  Talbot  (1955),   Plummer  and  others 
(1955),  and  Rummell   and  Holscher   (1955)   suggested 
species  adapted  to  meadow  communities  throughout 
the  western  United  States.     Eckert  and  others 
(1973a)  evaluated   seedling  stands  and  productivity 
of  Amur  intermediate   (Agropyron  intermedium),   Luna 
pubescent  (A.    intermedium  var.    trie  hop ho rum) , 
Primar  slender  wheatgrass;   Regar  bromegrass 
(Bromus  biebersteinii ) ;  Al ta  tall    fescue   (Festuca 
arundinacea) ;   Eski    sainfoin   (Onobrychis  vicii folia) 
and  Ladak  alfalfa   (Medicago  sativa).     These  species 
were  planted  in  the  fall,   in  furrows,  on  a  summer- 
fallow  weed  control    treatment.     Legumes  were 
evaluated  as  possible  food  plants  for  sage  grouse 
(Centrocercus  urophasianus) .     Seedings  were  made 
on  two  sites:     one  dominated  by  cheatgrass  and 
poverty  weed;   the  other  by  sedges. 

Acceptable  stands  of  pubescent  and  intermediate 
wheatgrasses  were  obtained  on  both  sites.     The 
cheatgrass-poverty  weed  site  averaged  2.0  plants/ 
ft  of  row  (6.6  plants/m  of  row)  while  the  sedge 
site  averaged  3.2  pfr   (10.5  pmr).     However,   stands 
of  Regar  bromegrass,   Al  ta  fescue,  and  slender 
wheagrass  were  much  poorer  on  the  former  site  and 
averaged  only  0.7  pfr  (2.3  pmr)  compared  with 
3.1   pfr   (10.2  pmr)  on  the  latter  site.     This 
difference  was  probably  due  to  the  greater  amount 
of  competitive  vegetation  on  the  cheatgrass- 
poverty  weed  site  than  on  the  sedge  site   (table  1). 
This  response  indicates  that  meadow  improvement  by 
seeding  should  be  done  before  a  site  is  severely 
depleted  to  the  cheatgrass-poverty  weed  stage. 


Alfalfa  and  sainfoin  averaged  1    plant  per  3.6  and 
2.8  ft   (1.1   and  0.8  m)  of  row,   respectively.     Based 
on  estimated  herbage  production  and  quality,   such 
a   legume  stand  appears  to  satisfy  the  quantity  and 
quality  food  requirements  for  a   sage  grouse  popu- 
lation  studied  by  Oakleaf  (1971). 

On  a  cheatgrass-poverty  weed  site,   pubescent  and 
intermediate  wheatgrasses  were  the  most  productive 
species   (table  2).     On  a   sedge  site,   pubescent 
wheatgrass  was  the  most  productive  seeded  species. 
Both  wheatgrasses  produced  more  on  the  cheatgrass- 
poverty  weed   site  than  on  the  sedge  site.     Stands 
were  mostly  full   and  most  environmental    factors 
were  similar.     However,  depth  to  the  water  table 
varied  considerably   (table  2).     Capillary  rise 
above  a  4.7  ft  (1.4  m)  water  table  could  increase 
the  amount  of  soil   moisture  available  to  plants 
on  the  cheatgrass-poverty  weed  site.     On  the  sedge 
site,  a  deep  gully  lowered  the  water  table  and  the 
capillary  fringe  to  below  rooting  depth  early  in 
the  growing  season  so  that  the  productive  potential 
was  reduced  from  a  meadow  environment  to  a  dryland 
environment. 


IRIS  CONTROL 

Iris  is  a  common  plant  of  native  meadows  and 
pastures.     However,   dense  stands  can  be  a   serious 
problem  on  poorly  managed  meadows.      Iris  is     unpal- 
atable to  livestock   (Pryor  and  Talbert  1958), 
reduces  forage  production  through  competition,  and 
has  no  value  as  a  wildlife  food  plant   (Gull  ion  1964). 
Rootstocks  enable  the  plant  to  withstand  heavy 
trampling  and  to  spread  rapidly  when  competitive 
vegetation  is  weakened   (Dayton  1960). 

Pryor  and  Talbert   (1958),   Cords    (1960,   1972),   and 
Robocker   (1966)   indicated  the  superiority  of  2,4-D 
for  iris  control    but  none  of  these  authors  eval- 
uated the  effects  of  this  treatment  on  non-target 
species.     Eckert  and  others   (1973b)  and  Eckert 
(1975)  evaluated  both  iris  control   and  the  response 
of  nontarget  grass  and  forb  species. 
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Table  2. --Yield  of  seeded  and  native  species  3  years  after  seeding  on  cheatgrass-poverty  weed  and  sedge 
sites. 


Yield 


Species  or  cul tivar 


Cheatgrass/poverty  weed  site 


Sedge  site 


Luna  pubescent  wheatgrass 

Amur  intermediate  wheatgrass 

Regar  bromegrass 

Alta  tall    fescue 

Primar  slender  wheatgrass 

Native  slender  wheatgrass 

Native  sedge 


4230ax 

4 000a x 

410cy 

40dx 

lL-inh 


-1  b/acre- 


3120ay 

2240by 

1720cx 

690dy 

"3230 
"2290 


Range  in  water  table  depth   (ft)   from  June-August 
Annual    precipitation   (in) 


4.7-6.! 


23.4 


4.7-12.0 


Means  are  compared  among   species  and  between  sites.     Means  followed  by  different  letters   (a   through  d) 
vertically  or  by  different  letters   (x  or  y)   horizontally  are  significantly  different  at  the  0.05  probability 
level   as  determined  by  Duncan's  multiple  range  test. 
2 

Native  species  were  not  included   in  the  experimental   design.     Yields  were  taken  from  near-by  stands  and 

are  presented  for  comparative  purposes. 


Excellent  iris  control   was  obtained  by  one  appli- 
cation of  2  lb/acre   (2.2  kg/ha)   to  4  lb/acre 
(4.5  kg/ha)  of  low  volatile  ester  of  2,4-D  from 
mid-June  or  early  July.      Iris  phenology  at  time 
of  treatment  ranged  from  late  vegetative  to  late 
bloom.     The  2  lb/acre   (2.2  kg/ha)   treatment  in 
early  July  gave  from  73  to  85  percent  control. 
This  treatment  appears  near  the  minimum  concentra- 
tion of  herbicide  needed  for  excellent  iris  control. 

Iris  control    significantly  increased  total   yield 
(table  3)   and  yield  of  individual   grass  and  grass- 
like species  in  years  after  treatment   (table  4). 
Iris  control   on  sites  dominated  by  Nevada   blue- 
grass  resulted  in  a  yield  response     of  558  lb/acre 
(625  kg/ha)   by  this  species  the  first  year  after 
treatment  compared  to  the  check  of  106  lb/acre 
(119  kg/ha).     During  the  following  4  years,  yield 
varied  between  160  and  502  lb/acre   (179  and  562 
kg/ ha)  on  the  check  and  between  520  and  1100 
lb/acre   (582  and  1232  kg/ha)  on  treated  plots. 
Slender  wheatgrass  responded  slowly,   however,  after 
5  years,   production  was  800  lb/acre   (896  kg/ha). 


Oakleaf  (1971)  calcu 
population  of  eight 
consume  about  10  1b 
during  meadow  occupa 
forb  production  the 
was  minimal .     Total 
appeared  adequate  fo 
even  though  the  tota 
lb/acre   (11    kg/ha ), 
not  be  adequate  for 


lated  that  a   sage  grouse 
birds/acre   (20  birds/ha)  would 
of  forbs  per  acre   (11    kg/ha) 
ncy.     On  this  basis,   total 
year  after  treatment   (table  5) 
production  the  second  year 
r  sage  grouse  needs.     However, 
1    forb  yield  may  exceed  10 
forb  composition  may 
good  sage  grouse  habitat. 


In  addition,   total    forb  yield  and  species  yield 
can  be  misleading,   because  sage  grouse  do  not 
consume  the  entire  plant  but  rather  remove  certain 
parts.     Klebenow  and  Gray   (1968)   found  that  sage 
grouse  chicks  preferred  the  buds  and  seeds  of 
dandelion  over  leaves  and   stems.     We  do  not  know 
the  total    forb  production  necessary  to  supply  the 
required  intake  of  favored  plant  parts. 

Since  certain  sage  grouse  food  plants  are  adversely 
affected  by  2,4-D,   the  land  manager  must  be  know- 
ledgeable of  vegetation  conditions  on  each  proposed 
project  area.      In  this  way  he  can  decide  whether 
or  not  to  treat  iris-infested  sites,   how  large  an 
area  to  treat,  and  what  effects  on  sage  grouse 
food  plants  to  expect. 


TREE  AND  SHRUB  TRANSPLANTS 

Some  stream  banks  and  meadows  now  support  woody 
species  and  there  is  evidence  that  trees  and  shrubs 
were  more  prevalent  in  the  past.  Reestabl ishment 
of  such  species  is  one  method  to  stabilize  stream 
channels  and  check  dams,  to  create  wildlife  habitat, 
and  to  increase  esthetic  values  (Yoakum  and  Das- 
mann  1980). 
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Table  3. --Production  of  grass,   grasslike,  and  forb  species  on  treated  and  check  plots  for  5  years  after 
in  s  control . 


Production 
Year  Treated  Check 


1966 
1967 
1968 

1969 
1970 


]490a 

210b 

1780a 

830b 

780a 

290b 

1820a 

700b 

2300a 

940b 

Treatment  means  for  total   production  within  year  followed  by  different  letters  are  significantly  different 
at  the  0.05  probability  level   as  determined  by  Duncan's  multiple  range  test. 

Table  4. --Production  of  grass,   grasslike,  and  forb  species  on  treated  and  check  plots  in  the  fifth  year 
after  iris  control . 


Production 
Species Treated Check 


Slender  wheatgrass 
Nevada   bluegrass 
Meadow  barley 
Other  grasses 
Sedge 
Iri  s 

Common  dandel ion 
Western  yarrow 
Other  forbs 


iu/oiic 

, 

'800a 

470b 

960a 

490b 

350a 

20b 

160a 

0a 

20a 

10a 

150b 

760a 

30a 

40a 

130a 

140a 

130a 

20a 

Treatment  means  for  production  by  species  followed   by  different  letters  are  significantly  different 
at  the  0.05  probability  level   as  determined  by  Duncan's  multiple  range  test. 

Table  5. --Forb  production  the  year  of  treatment  and  for  2  years  after  iris  control. 


Production 


1969  1970  1971 


Species Check Check       Treated Check       Treated 

lb/acre 


Common  dandelion  160  270a  10b  60a  30a 

Western  yarrow  250  260a  30b  160a  20b 

Treatment  means  for  forb  species  within  years  followed  by  different  letters  are  significantly  different 
at  the  0.05  probability  level   as  determined  by  Duncan's  multiple  range  test. 
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Tree  and  shrub  species  for  introduction  into 
meadow  communities  were  evaluated  by  Eckert  (1975). 
Species  tested  were  American  plum  (Prunus  americana) , 
black  chokecherry  (Prunus  virginiana  var.  me! a  no  - 
carpa),  cardinal  olive  (Elaeagnus  umbel! ataTi 
common  bladdersenna  (Colutea  arborescens) ,  common 
lilac  (Syringa  vulgaris),  oldman  wormwood 
(Artemisia  abrotanum),  golden  willow  (Sal ix  aurea) , 
Russian  olive  (Elaeagnus  angustifol ia) ,  Siberian 
peashrub  (Caragana  arborescens),  and~Tatarian 
honeysuckle  (Lonicera  tatarica) . 

Materials  for  planting  in  1  year  were  obtained  as 
bare-root  nursery  stock.  Plants  were  dug  in  March 
and  April,  "heeled  in"  at  a  cool,  shady  location 
and  planted  in  June  when  the  site  was  accessible. 
Plummer  and  others  (1968)  strongly  recommended 
spring  planting  unless  supplemental  water  is 
available.  Container-grown  plants  were  tested  in 
2  years.  Plants  were  obtained  as  bare-root  nursery 
stock  (1  to  2  years  old)  in  March  and  April,  placed 
in  1 -gal  1  on  containers,  and  planted  in  June. 

About  75  percent  of  the  transplants  on  barren 
stream  banks  or  on  check  dams  seeded  to  crested 
wheatgrass  survived  through  the  6-year  evaluation 
period.  None  of  the  plantings  in  a  dense  cover  of 
native  grasses  and  sedges  survived  through  the 
second  year.  On  barren  stream  banks  and  check 
dams,  55  percent  of  the  trees  and  shrubs  trans- 
planted 6  ft  (1.8  m)  above  the  water  line  survived 
the  first  year,  but  none  survived  the  second  year. 
Survival  of  transplants  on  banks  1  and  2  ft  (0.3 
to  0.6  m)  above  the  water  line  was  90  percent. 
However,  plants  nearer  the  water  were  more  vigorous. 
None  of  the  transplants  next  to  reservoirs  persisted. 

Golden  willow  and  Siberian  peashrub  were  the  most 
successful  species  on  both  the  stream  banks  and 
dam  faces.  Bladdersenna  persisted  for  6  years, 
but  did  not  develop  as  did  golden  willow  or 
Siberian  peashrub.  The  other  species  tested  did 
not  survive  the  evaluation  period.  Transplants 
were  protected  from  livestock  use  for  6  years. 
After  this  time,  cattle  would  graze  nearby  plots 
of  seeded  grasses  but  only  lightly  browse  Siberian 
peashrub  and  bladdersenna.  Golden  willow  was  not 
browsed. 


CHANNEL  STABILIZATION 

Mountain  meadows  developed  on  alluvial  fill  along 
water  courses  where  the  slope  gradient  and  stream 
velocity  decreased.  As  sediment  was  deposited, 
vegetation  developed  from  the  edges  and  more 
sediment  was  trapped,  until  the  basin  was  filled 
and  completely  vegetated  with  a  mesic  plant 
community  (Robertson  and  Kennedy  1954).  These 
sediments  are  themselves  subject  to  erosion. 
Climatic  changes,  damages  to  upstream  watershed, 
and  geologic  changes  such  as  land  tilting  all 
increase  stream  flow,  sediment  load,  and  erosion 
potential .  In  resource  management,  we  want  to 
maintain  meadow  integrity  for  livestock  forage, 
wildlife  habitat,  watershed  stability,  and 
esthetics. 


Water  control  structures,  such  as  check  dams,  may 
be  one  method  to  halt  channel  cutting,  prevent 
further  site  deterioration,  and  improve  meadow 
condition.  Structures  should  (1)  reduce  the 
channel  gradient  and  erosive  power  of  the  stream, 

(2)  collect  sediment  to  fill  the  channel,  and 

(3)  raise  the  water  table  in  the  adjacent  riparian 
zone. 

Check  dams  were  evaluated  in  Nevada  from  1965  to 
1973  (Eckert  1975).  All  structures  were  designed 
to  impound  about  1  acre  ft  (1233  m  )  of  water. 
Two  structures  did  not  hold  water  through  July  or 
August.  One  dam  held  water  through  the  summer  in 
all  years  (fig.  1).  Two  structures  did  not  hold 
water  the  first  2  years  after  construction  but  did 
contain  some  water  through  the  summer  and  fall  of 
the  other  7  years.  The  small  average  amount  of 
sediment  collected  behind  the  structures  each  year 
indicated  that  channel  filling  can  be  a  very  slow 
process.  The  exception  would  be  in  years  of 
catastrophic  runoff,  such  as  in  1973,  when  4  ft 
(1.2  m)  of  sediment  filled  one  reservoir. 
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Figure  l.--An  effective  check  dam  in  a  7-ft 
deep  channel . 


Direct  evaluation  of  the  effects  of  structures  on 
the  water  table  could  not  be  made  because  no 
measurements  were  taken  before  construction. 
However,  water-table  measurements  in  relation  to 
channel   depth,   proximity  to   the  channel,  and  water 
control    structures  gave  an  indirect  evaluation 
(Eckert  1975).     By  early  summer,   the  water  table 
in  a   12  ft   (4.5  m)  deep  channel   without  an  effective 
dam  was  below  the  root  zone  of  herbaceous  species. 
This  site  was  a  dryland  environment  dominated   by 
sedge  and  cheatgrass,  with  some  big  sagebrush 
(Artemisia   sp.)  and  rabbi tbrush   (Chrysothamnus 
sp. ) .     After  a  deep  channel    is  cut,  an  effective 
dam  was  necessary  to  restore  the  water  table  to 
the  level    required  by  mesic  meadow  species.     A 
higher  and  more  static  water  level    resulted  from 
a   reservoir  influence  than  from  a   stream  influence. 
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GRAZING  MANAGEMENT 

Whether  meadow  communities   have  native  or  improved 
vegetation,    some  form  of  management  is  necessary 
to  prevent  the  livestock  concentration  and   heavy 
use  during  the  growing  season  that  occurs  under 
season-long  grazing.     Some  of  the  management 
techniques  discussed  may  have  no  documented  value 
for  improving  vegetation  conditions  of  meadow 
communities,    the  focus  of  this  paper.      This  does 
not  imply  that  the  same  techniques  are  not  valuable 
for  improving  some  other  parts  of  the  riparian 
ecosystem,   such  as  stream  channels  and  stream  banks. 

We  lack  information  about  the  kinds  of  grazing 
management  appropriate  for  meadow  communities  and 
about  species  responses  to  different  management 
schemes.     This  knowledge  gap  is  due  to   two  factors: 
a  general    lack  of  interest  in  grazing  systems 
research  until    recent  years  and  an  indifference 
about  the  conditions  on  small    riparian  areas  as 
compared   to  large  upland  sites.     This  situation 
has  now  changed  because  of#emphasis  on  grazing 
management  as  a  method  for  range  improvement  and 
because  of  the  legal    requirements  for  proper 
management  of  riparian  ecosystems. 

Although  the  emphasis  on  management  of  riparian 
ecosystems  has  increased,   few  results  are  available 
because  of  the  time  required  to  produce  these 
results.     The  results  available  can  be  catagorized 
as:    'word  of  mouth',   qualitative  information,  and 
quantitative  data.     We  have  all    heard  agency 
personnel   or  ranchers  comment  on  the  value  of  a 
certain  kind  of  grazing  management  for  the  riparian 
zone  on  a  certain  allotment  or  ranch.     When  trial 
and  error  systems  are  used,   some  kind  of  quantita- 
tive information  should  be  collected  to  add  to  our 
minimal    knowledge  of  the  subject. 

The  Camp  Creek  Study  in  central    Oregon   (Winegar 
1977)   is  an  example  of  qualitative  information 
about  vegetation  response  to  fencing.     This  study 
was  not  intended  to   be  a  research  project.     The 
channel   was  fenced  in  1965  and  various  species  were 
planted  or  seeded.     After  9  years  the  introduced 
species  had  become  established  and  native  species 
had  shown  excellent  growth.     Of  the  45  species 
indentified  within  the  protected  area,  only  17  were 
known  to  be  present  before  fencing.     No  information 
on  changes  in  plant  cover,  yield,   or  density  was 
presented. 

Duff  (1979)  made  a  qualitative     evaluation  of 
vegetation  recovery  in  a   fenced  riparian  area. 
Grasses  and  willows  showed  a  favorable  response 
after  4  years  of  non-use.     However,  after  only  6 
weeks  of  grazing  by  trespass  cattle,   the  vegetation 
was  degraded  to  pre-exclosure  conditions.     After 
4  more  years  of  rest,   grasses,   sedges,  and  willows 
had  recovered  again.     Few  data  were  presented  on 
vegetation  changes  inside  the  exclosure,   but  no 
data  were  given  for  the  continuously  grazed  areas. 


A  number  of  stream  channels   have  been  fenced  to 
evaluate  complete  protection  as  a  means  for 
managing  and  restoring  the  riparian   system  includ- 
ing meadow  communities.      However,   most  results 
about  meadow  improvement  are  based  on  observations 
and  photographs.     Without  some  quantification  of 
vegetation  trend,  one  could  logically  question 
whether  the  differences  observed  are  due   to  changes 
in  species  composition  or  only  utilization  effects. 

Three  literature  sources  were  examined  for  results 
of  quantitative  studies  of  management  systems  on 
meadow  communities.      These  sources  were:      Hickey 
(1967),   McDaniel    and  Allison    (1980),   and  Allison 
and  Wood   (1981).     Only  one  reference  was  found. 
Johnson   (1965)   studied   the  effects  of  rotation, 
rest-rotation,  and  season-long  grazing  on  a 
mountain  range  in  Wyoming.     Vegetation  of  meadow 
communities  on  this  range  consisted  of  sedges, 
rushes,   Kentucky  bluegrass,   tufted  hairgrass, 
and  bluejoint  reedgrass   (Calamagrosti s  canadensis). 
On  the  basis  of  vegetation  changes  from  1958  to 
1961,   the  author  concluded  that  either  rotation 
or  rest-rotation  management  would   benefit  cattle 
range.     Under  these  two  management  systems 
utilization  was  reduced  without  any  reduction  in 
the  number  of  animals  grazed,   grazing  use  was  more 
uniform,   total   cover  increased,  cover  of  desirable 
forage  species  increased,  and  cover  of  poor  forage 
species  decreased.     When  all   changes  were  analyzed, 
range  improvement  appeared  to   be  more  rapid  under 
rest-rotation  management  than  under  simple  rotation 
grazing.     However,   both  types  of  management  were 
superior  to  season-long  grazing.      I  question 
whether  an  adequate  interpretation  of  grazing 
systems  can  be  made  on  the  basis  of  a   3-year  study 

Additional    information  on  management  of  meadow 
communities  was  found  in  the  literature.     Hayes 
(1978)  evaluated  the  effects  of  rest-rotation 
grazing  on  high  mountain  meadows  in  central    Idaho 
from  1975  to  1977.     Emphasis  was  on  streambank 
stability.     One  meadow  managed  under  rest-rotation 
management  since  1962  appeared  to  be  a   stable 
community  in  good  condition.     The  condition  of  a 
meadow  managed  under  rest-rotation  grazing  since 
1973  ranged  from  fair  to  good.     The  presence  of 
several    species  common  to   high-condition  meadows 
and  establishment  of  vegetation  along  trails  and 
around  watering  sites  indicate  improving  range 
condition.     No  data  were  presented,   however,   to 
validate  vegetation  trend  from  the  start  of  rest- 
rotation  management  through  1976. 

Rati  iff     (1972)  measured   herbage  yield  and  species 
composition  under  free  choice  and  rest-rotation 
management  in  mountain  meadows  of  northeastern 
California.     The  five-unit  system  was  based  on 
the  growth  and  reproductive  requirements  of  Idaho 
fescue.     The  significantly  greater  herbage  yield 
of  512  lb/acre   (573  kg/ha)  on  the  rest-rotation 
treatment  was  due  to  a  significant  increase  in 
production  of  grass-like  species.     Management  on 
the  area   began  in  1954,   but  the  author  did  not 
state  when  the  yield  and  composition  data  were 
collected. 


72 


Three  studies  dealt  with  management  of  Kentucky 
bluegrass  in  Oregon.     Kentucky  bluegrass   has  become 
established  as  the  dominant  species  in  native 
meadow  communities  as  the  result  of  overgrazing  and 
subsequent  site  deterioration   (Volland  1978).     This 
species  is  also  the  dominant  species  on   high  ele- 
vation meadows  throughout   the  western  United  States. 
Volland   (1978)   stated  that  maximum  production  by 
Kentucky  bluegrass  cannot  be  achieved  under  season- 
long  use.     He  found  that  complete  protection  by 
fencing  increased  yield  through  the  sixth  year. 
But,  yield  after  11   years  of  rest  was  not  different 
than  on  adjacent  areas  of  season-long  use.     Based 
on  these  results,   the  author  concluded  that  resting 
a  management  unit  for  6  consecutive  years  was  not 
a  practical   way  to  regain  vigor  and  productivity 
of  this  species.     He  suggested  a  management  system 
of  alternate  periods  of  rest  and  grazing   to  promote 
leaf  development  of  the   tillers,   reduce  flowering 
of  tillers,  and  maintain  plant  vigor.     The 
phenological    time  to  accomplish  this  on  his  study 
area  was  mid-May.      If  the  time  to  graze   is  similar 
on  ether  areas  in  the  West,   cattle  management  will 
be  difficult  because  of  accessibility  problems 
ia> ly  in   the  spring  and  because  of  damage  to  wet 
;oil. 

Roath  and  Krueger  (1982a)   studied  the  influence 
;attle  grazing  on  a  mountain  riparian  zone  in 
jon  on  both  the  dry  and  wet  meadow  types, 
cucky  bluegrass  was  the  most  important  herbaceous 
species.     Mountain  alder   (Alnus  incana),  willow, 
and  red-osier  dogwood   (Cornus  stolonifera )  were 
the  important  shrubs.     Utilization  of  shrubs  was 
lowest  when  herbaceous  vegetation  was  lush  but 
tended  to  increase  as  the  season  progressed  and 
herbaceous  vegetation  matured.     The  authors 
theorized  that  a  management  system  which  used  the 
herbaceous  component  early  in  a  deferred  system 
would  benefit  the  shrub  component.     This  action 
could  have  a  negative  effect  on  the  herbaceous 
species,  although  Kentucky  bluegrass  grazed  at 
72  to  76  percent  utilization  over  a  2-year  period 
showed  few  negative  cover  or  vigor  effects.     A 
late  season  of  use  would  minimize  negative  effects 
on  the  herbaceous  species  but  could  increase 
utilization  of  shrubs.     A  longer  study  period  is 
needed  to  test  the  assumptions  made  by  the  authors 
and  to  follow  changes  in  the  stand  of  Kentucky 
bluegrass  grazed  at  these  high  intensities. 

Roath  and  Krueger   (1982b)  conducted  a   2-year  study 
of  cattle  grazing  and  behavior  on  a   forested  range 
in  Oregon  that  contained  a  small   acreage  of  meadow 
communities  dominated  by  Kentucky  bluegrass.     Based 
on  home-range  groups  of  cattle,   the  authors 
suggested  two  cattle-management  techniques  to 
reduce  grazing  pressure  on  the  riparian  zone. 
Cattle  known  to  belong  to  the   home-range  group  on 
the  riparian  zone  could  be  culled  from  the  herd 
and  the  home-range  group  on  the  uplands  kept  for 
breeding  purposes.     New  animals  could  be  herded  to 
upland  areas  and  behavioral ly-bonded  to  these  areas 
if  forage,  water,  and  salt  were  available. 

Claire  and  Storch   (in  press)   suggested  the  use  of 
special   pastures  for  separating  grazing  use  in  the 
riparian  zone  from  grazing  on  the  uplands.     Grazing 
usually  would  be  deferred  until    late  in  the  growing 
season. 


The  effects  of  late-season  use  on  meadow  vegetation 
in  Wyoming  was  evaluated  by  clipping  to  simulate 
grazing   (Pond  1961).     Herbage  removal   at  a  1-inch 
(2.5  cm)   stubble   height  every  2  weeks  during  the 
growing  season  decreased  the  density  and  productivil 
of  native  grasses  and  sedges.     Herbage  removal   at 
the  end  of  the  growing   season  had  little  effect 
on  the  density  of  native  species,   but  production 
was  reduced. 

Kauffman   (1982)   studied  the  synecological   effects 
of  late-season  grazing  on  different  riparian 
communities  under  actual   cattle  use.     Comparisons 
were  made  between  late  season  use   (late  August 
to  mid-September)  and  non-use  in  enclosures  over 
a  3-year  period.     Unfortunately,   a   season-long 
grazing  treatment  was  not  part  of  the  study.     Late- 
season  use  resulted   in  utilization  of  Kentucky 
bluegrass  of  55  to  79  percent  on  dry  meadows  and 
67  to  78  percent  on  moist  meadows.      Production  on 
meadow  types  fluctuated  over  the  years,   but  there 
was  a   significant  increase  in  yield  on  the  ungrazed 
areas.     This  increase  in  production  was  due  to 
higher  yield  by  sedges. 

Kauffman  concluded  that  some  of  the  negative  effect; 
of  grazing  occurred  because  the  moist  and  dry  meadoi 
were  most  heavily  grazed  during  the  late-use  period 
Some  of  the  positive  effects  of  late-season  use 
included  minimal   compaction  of  the  soil   which  was 
drier  than  in  early  summer,  maintenance  of  plant 
vigor  because  of  high  carbohydrate  reserves  at  time 
of  grazing,  and   higher  nutritive  value  of  forage 
than  on  upland   sites. 

Several    studies  that  have  appeared  in  abstracts 
are  probably  nearing  completion.     These,    I   hope, 
will    provide  additional   quantitative  information 
for  the  management  of  meadow  communities.     Until 
more  data  are  available,  management  actions  for 
meadow  communities  can  only  be  based  on  what  we 
know  now,   together  with  a   large  amount  of 
professional   judgement. 
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SPECIES  ADAPTED  FOR  SEEDING  MOUNTAIN  BRUSH, 
BIG,  BLACK,  AND  LOW  SAGEBRUSH,  AND  PINYON- JUNIPER  COMMUNITIES 

Richard  Stevens 


ABSTRACT:   Successful  range  improvement  depends 
on  the  seeding  of  plants  adapted  to  a  specific 
site  and  for  which  ample  seed  is  available.   This 
paper  lists  species  adapted  to  mountain  brush, 
big,  black,  and  low  sagebrush,  and  pinyon-j uniper 
communities . 


VEGETATIVE  TYPES 

A  successful  range  improvement  project  begins 
with  the  selection  of  plants  adapted  to  the  sites 
being  treated.   Selected  plants  must  be  able  to 
establish  and  maintain  themselves  over  the  years. 
Best  results  have  been  obtained  where  the  species 
planted  were  adapted  to  the  site  rather  than 
where  a  plant  was  expected  to  adapt  to  a  site 
or  where  a  site  was  treated  to  try  to  accommodate 
a  particular  species. 

Many  species  are  adapted  to  most  sites,  but  seed 
availability  can  limit  the  number  of  species 
actually  seeded.   Only  those  species  (tables  1 
and  2)  for  which  seed  is  commercially  available 
are  recommended.   For  some  recommended  species 
seed  is  plentiful;  for  some  species  seed  is 
scarce. 

Edaphic  and  climatic  conditions  usually  vary 
within  any  specific  vegetative  type.   Species 
recommended  for  seeding  are  adapted  for  each 
listed  vegetative  type.   Each  recommended  species 
most  likely  will  not  be  adapted  at  all  local 
edaphic  and  climatic  conditions  within  a  specific 
vegetation  type. 

Individual  site  characteristics  and  requirements, 
seed  availability,  and  project  objectives  will 
determine  which  species  are  selected. 


Mountain  brush  type 

Within  the  mountain  brush  type  annual  precipita- 
tion can  range  from  15  to  26  inches  (38  to  66  cm). 
There  are  four  general  categories  in  the  mountain 
brush  type  (species  adapted  to  each  are  listed  in 
table  1): 

1.   Thick  stands  of  large  and  small  Gambel 
oak  (Quercus  gambelii)  and  bigtooth  maple  (Acer 
grandidentatum)  that  are  generally  impenetrable 
and  unavailable  to  livestock  and  big  game.   Herba- 
ceous understory  production  is  generally  low. 
Forage  production  potential  for  the  site  is 
generally  excellent. 


Richard  Stevens  is  Wildlife  Biologist  at  the  Great 
Basin  Experimental  Area,  Utah  Division  of  Wildlife 
Resources,  Ephraim,  Utah. 


2.  Areas  with  scattered,  small  stands  of 
serviceberry  (Amelanchier  alnifolia) ,  Gambel  oak, 
and  mountain  big  sagebrush  (Artemisia  tridentata 
vaseyana) .   Productivity  potential  is  generally 
good. 

3.  North  and  east  exposures  with  good  shrub 
variety  and  density.  Temperatures  are  relatively 
cool  and  soil  moisture  is  excellent.  Forage  pro- 
duction potential  is  generally  high. 

4.  South  and  west  exposures  that  are  sunny 
and  dry.   Soils  are  generally  shallow;  forage 
production  in  the  interspaces  between  shrubs  is 
generally  low;  potential  for  improving  forage 
production  is  the  lowest  within  the  mountain  brush 
type. 


Sagebrush  types 

1.  Mountain  big  sagebrush  (A.  tridentata 
vaseyana) .   This  type  is  generally  found  eleva- 
tionally  above  basin  big  sagebrush  (A.  tridentata 
tridentata) ,  from  foothills  up  to  timberlines. 
Precipitation  varies  between  12  to  30  inches  (30 
to  76  cm).   Soils  are  generally  deep,  with  good 
water-holding  capacity.   Because  of  the  great 
variation  in  climatic  and  edaphic  conditions  that 
occur  throughout  this  subspecies'  range  of  occur- 
rence, species  recommended  for  seeding  are  broken 
into  two  groups:  (a)  those  for  areas  that  receive 
between  12  to  17  inches  (30  to  43  cm)  of  annual 
precipitation;  and  (b)  those  for  areas  that 
receive  over  17  inches  (table  2) .   A  large  number 
of  grasses,  forbs,  and  other  shrubs  can  be  found 
growing  in  association  with  mountain  big  sage- 
brush. 

2.  Basin  big  sagebrush  (A.  tridentata 
tridentata) .   Basin  big  sagebrush  is  found  on  well- 
drained,  deep  soils  on  plains,  in  valleys,  canyon 
bottoms,  and  foothills  that  receive  9  to  16  inches 
(23  to  41  cm)  of  annual  precipitation.   A  majority 
of  the  irrigated  farmlands,  dry  farms,  and  dry 
pastures  within  the  Intermountain  West  were  once 
inhabited  by  this  subspecies. 

A  considerable  number  of  forbs,  grasses,  and  shrubs 
grow  in  association  with  basin  big  sagebrush. 
Species  adapted  to  basin  big  sagebrush  areas  can 
be  broken  up  into  two  groups:   those  that  have 
potential  with  less  than  13  inches  (33  cm)  of 
precipitation;  and  those  that  are  adapted  to  areas 
receiving  over  13  inches  (table  2). 

3.  Wyoming  big  sagebrush  (A.  tridentata 
wyomingensis) .   Soils  in  which  Wyoming  big  sage- 
brush occur  are  usually  shallow,  gravelly  to 
stony,  with  low  water-holding  capacity.   Annual 
precipitaiton  varies  from  7  to  15  inches  (18  to 
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[Table  1.  —  Species  adapted  to  the  mountain  brush  types  in  the  Intermountain  West 


Species 


Exposure 


Community  type 


North   Southwest  Open  Closed 

and      (Sunny  &   (Oak  and      (Oak  and 
East     dry) .      serviceberry)  maple) 


GRASSES  AND  FORBS: 


Brome,  Regar 

Brome,  smooth  (southern) 

Fescue,  hard  sheep 

Needlegrass,  green 

Oatgrass,  tall 

Orchardgrass 

Wheatgrass,  bluebunch 

Wheatgrass,  crested 

Wheatgrass,  fairway 

Wheatgrass,  intermediate 

Wildrye,  Great  Basin 

Wildrye,  Russian 

Bluegrass,  Kentucky 

Alfalfa  (Nomad,  Ladak,  Rambler), 

spreading  strains 
Balsamroot,  arrowleaf 
Balsamroot,  curlleaf 
Burnet,  small 
Crownvetch 
Flax,  Lewis 
Goldeneye,  showy 
Lomatium,  Nuttall 
Lupine,  silky 
Milkvetch,  chickpea 
Penstemon,  low 
Penstemon,  Palmer 
Penstemon,  Rocky  Mountain 
Sainfoin 
Sweetanise 
Sweetclover,  yellow 
Sweetvetch,  Utah 
Sunflower,  oneflower 


Bromus  biebersteinii 
Bromus  inermis 
Festuca  ovina  duriuscula 
Stipa  viridula 
Arrhenatherum  elatius 
Dactylis  glomerata 
Agropyron  spicatum 
Agropyron  desertorum 
Agropyron  cristatum 
Agropyron  intermedium 
Elymus  cinereus 
Elymus  j  unceus 
Poa  pratensis 

Medicago  sativa 
Balsamorhiza  sagittata 
Balsamorhiza  macrophylla 
Sanguisorba  minor 
Coronilla  varia 
Linum  lewisii 
Viguiera  multif lora 
Lomatium  nuttallii 
Lupinus  sericeus 
Astragalus  cicer 
Penstemon  humilus 
Penstemon  palmerii 
Penstemon  strictus 
Onobrychis  viciaef olia 
Osmorhiza  occidentalis 
Melilotus  officinalis 
Hedysarum  boreale  utahensis 
Helianthella  annus 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SHRUBS : 


Bitterbrush,  antelope 

Chokecherry,  black 

Elder,  blueberry 

Ephedra,  green 

Mountain  mahogany,  curlleaf 

Mountain  mahogany,  true 
Rabbitbrush,  mountain  rubber 

Sagebrush,  big  mountain 
Serviceberry,  Saskatoon 
Serviceberry,  Utah 
Sqawapple 


Purshia  tridentata 

Prunus  virginiana  melanocarpa 

Sambucus  cerulea 

Ephedra  viridis 

Cercocarpus  ledif olius 

ledifolius 
Cercocarpus  montanus 
Chrysothamnus  nauseosus 

salicifolius 
Artemisia  tridentata  vaseyana 
Amelanchier  alnifolia 
Amelanchier  utahensis 
Peraphyllum  ramosissimum 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

38  cm).   Generally,  few  herbaceous  species  are 
found  growing  in  association  with  Wyoming  big 
sagebrush.   Likewise,  few  species  are  adapted 
for  which  seed  is  available  (table  2). 


rocky,  and  well  drained,  with  poor  moisture-holding 
capacity.   Few  grasses,  forbs  or  shrubs  for  which 
seed  is  available  are  adapted  to  areas  in  which 
black  sagebrush  is  dominant  (table  2). 


4.   Black  sagebrush  (A.  nova) .   Annual  preci- 
pitation throughout  the  area  in  which  black 
sagebrush  occurs  varies  between  7  and  18  inches 
(18  and  46  cm) .   Soils  are  generally  shallow, 


5.   Low  sagebrush  (A.  arbuscula) .   Low  sage- 
brush grows  on  dry,  sterile,  rocky,  often  alkaline 
soils  that  range  from  shallow  to  moderately  deep. 
Hardpans,  10  to  15  inches  (25  to  38  cm)  deep  are 
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Table  2.  —  Species  adapted  to  sagebrush  communities  in  the  Intermountain  West. 


Mountain  big   Basin  big    Wyoming    Black      Low 
sagebrush     sagebrush    sagebrush  sagebrush  sagebrush 


Species (12-17)  (17+)   (9-13)  (13+) 


1  i 

Inches         Inches 


GRASSES: 


X 

X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Alkali  sacaton,  Sporobolus  airoides  X  XX  X 

Regar  brome,  Bromus  biebersteinii  X 

Smooth  brome,  Bromus  inermis  (southern)      XX  X 

Hard  sheep  fescue,  Festuca  ovina 

duriuscula  XX         XX 

Sulcate  sheep  fescue,  Festuca  ovina 

sulcata  XX         XX 

Needle-and-thread,  Stipa  comata  XX  X 

Tall  oatgrass,  Arrhenatherum  elatius  X 

Orchardgrass,  Dactylis  glomerta  X 

Indian  ricegrass,  Oryzopsis  hymenoides       X  X    X      X         X  X 

Bottlebrush  squirreltail,  Sitanion  hystrix  X  XX  X 

Bluebunch  wheatgrass,  Agropyron  spicatum     X  X    X      X         X  X 

Bluebunch,  beardless  wheatgrass, 

Agropyron  inerme  X  X    X      X         X  X 

Crested  wheatgrass,  Agropyron  desertorum     X  X    X      X         X  X 

Fairway  wheatgrass,  Agropyron  cristatum      X  X    X      X         X  X 

Intermediate  wheatgrass,  Agropyron 

intermedium  XX         XX 

Pubescent  wheatgrass,  Agropyron 

trichophorum  XX         XXX         X  X 

Siberian  wheatgrass,  Agropyron  sibiricum  X  XX  X 

Slender  wheatgrass,  Agropyron  trachycaulum 
Tall  wheatgrass,  Agropyron  elongatum 
Thickspike  wheatgrass,  Agropyron 

dasystachyum 
Great  Basin  wildrye,  Elymus  cinereus 
Russian  wildrye,  Elymus  junceus 

FORBS: 

Ladak,  Nomad,  spreading  strains-Alfalfa 

Medicago  sativa  XX         XX      X 

Arrowleaf  balsamroot,  Balsamorhiza 

sagittata  XX  X 

Cutleaf  balsamroot,  Balsamorhiza 

macrophylla 
Small  burnet,  Sanguisorba  minor 
Crownvetch,  Coronilla  varia 
Lewis  flax,  Linum  lewisii 
Showy  goldeneye,  Viguiera  multif lora 
Gooseberryleaf  globemallow, 

Sphaeralcea  grossulariae folia 
Scarlet  globemallow,  Sphaeralcea 

coccinea 
Nuttall  lomatium,  Lomatium  nuttallii 
Mountain  lupine,  Lupinus  alpestris 
Silky  lupine,  Lupinus  sericeus 
Silvery  lupine,  Lupinus  argenteus 
Chickpea  milkvetch,  Astragalus  cicer 
Low  penstemon,  Penstemon  humilus 
Palmer  penstemon,  Penstemon  palmeri 
Rocky  Mountain  penstemon,  Penstemon 

strictus 
Sainfoin,  Onobrychis  viciaefolia 
Sweetanise,  Osmorhiza  occidentalis 
Yellow  sweetclover,  Melilotus  officinalis 
Utah  sweetvetch,  Hedysarum  boreale 

utahensis 
Onef lower  sunflower,  Helianthella  annus 


X 

X 

X 

x2 

X 

X 

X 

X 

X 

X 
X 

X 

X 

2 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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X 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X2 

x2 

x2 

X 

X 

X 

X 

X 

X 

X 

X 

(con.) 
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Table  2.  --  (con.) 


Mountain  big 

Basin  big    Wyoming 

Black 

Low 

sagebrush 

sagebrush    sagebrush 

sagebrush 

sagebrush 

Species 

(12-17)  (17+) 

(9-13)  (13+) 

Inches 


Inches 


SHRUBS: 


Antelope  bitterbrush,  Purshia 

tridentata 
Black  chokecherry,  Prunus  virginiana 

melanocarpa 
Stansbury  clif frose,  Cowania  mexicana 

stansburiana 
Blueberry  elder,  Sambucus  cerulea 
Green  ephedra,  Ephedra  viridis 
Nevada  ephedra,  Ephedra  nevadensis 
Prostrate  kochia,  Kochia  prostrata 
True  mountain  mahogany,  Cercocarpus 

montanus 
Curlleaf  mountain  mahogany,  Cercocarpus 

ledif olius 
Hairy  low  rabbitbrush,  Chrysothamnus 

viscidif lorus  puberulus 
Mountain  rabbitbrush,  Chrysothamnus 

viscidif lorus  lanceolatus 
Mountain  rubber  rabbitbrush,  Chrysothamnus 

nauseosus  salicif olius 
White  rubber  rabbitbrush,  Chrysothamnus 

nauseosus  albicaulis 
Basin  big  sagebrush,  Artemisia 

tridentata  tridentata 
Mountain  big  sagebrush,  Artemisia 

tridentata  vaseyana 
Wyoming  big  sagebrush,  Artemisia 

tridentata  wyomingensis 
Black  sagebrush,  Artemisia  nova 
Low  sagebrush,  Artemisia  arbuscula 
Fourwing  saltbush,  Atriplex  canescens 
Saskatoon  serviceberry ,  Amelanchier 

alnifolia 
Winterfat,  Ceratoides  lanata 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Annual  precipitation. 

With  more  than  12  inches  (30  cm)  annual  precipitation. 


not  uncommon.   Annual  precipitation  varies 
between  7  and  18  inches  (18  and  46  cm). 

Pinyon-Juniper  Type 

This  type  is  widespread  throughout  the  Intermoun- 
tain  West.   Pinyon  or  juniper  (or  both)  can  be 
found  in  all  sagebrush  types.   Where  pinyon  or 
juniper  is  dominant,  sagebrush  can  be  found  in 
small  or  large  quantities. 

The  species  adapted  to  a  particular  pinyon- 
juniper  site  are  indicated  by  the  sagebrush 
present.   Species  adapted  to  the  sagebrush  type 
(table  2)  associated  with  the  pinyon- j uniper 
should  be  adapted  to  the  site. 
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PLANTS  FOR  REVEGETATION  OF  RIPARIAN  SITES 

WITHIN  THE  INTERMOUNTAIN  REGION 

Stephen  B.  Monsen 


ABSTRACT:  Revegetating  riparian  zones  is 
frequently  difficult  because  many  sites  have 
been  seriously  altered  and  reconstruction  of 
the  entire  plant  community  may  be  required. 
Seedbed  preparation  and  planting  are  frequently 
delayed  by  spring  flooding.   Techniques  must  be 
employed  to  minimize  streambank  erosion. 
Species  recommended  for  planting  riparian 
habitats  are  discussed. 


INTRODUCTION 

Restoration  of  riparian  sites  is  a  major 
concern  in  the  management  of  range  and  wildlife 
habitats  throughout  the  Intermountain  region. 
Many  riparian  zones  have  been  seriously 
degraded  resulting  in  the  loss  of  habitat  for 
aquatic  and  terrestrial  animals  (Boussu  1954; 
Johnson  and  others  1977).   Although  improvement 
of  many  western  rangelands  has  occurred  through 
management  and  revegetation  programs,  many 
riparian  habitats  have  responded  slowly  to  such 
treatments  (Meehan  and  Platts  1978). 

Grazing  by  livestock  has  had  the  most 
destructive  effect  upon  riparian  vegetation 
(Behnke  1977).   Removal  of  streamside 
vegetation  has  resulted  in  destabilization  of 
the  stream  channel  and  streambanks.   Stabili- 
zation and  improvement  of  riparian  habitats  is 
essential  to  the  overall  management  of  adjacent 
rangeland  and  associated  watersheds.   Sites 
that  are  not  totally  degraded  usually  can  be 
restored  through  livestock  management  and 
natural  or  artificial  revegetation.   Platts 
(1981)  reports  that  improvement  in  density  and 
vigor  of  riparian  vegetation  occurs  as  live- 
stock grazing  is  regulated.   Carlson  (1976), 
Edminister  (1919),  and  Fowler  and  Hammer  (1976) 
found  that  plantings  of  adapted  species  have 
been  successful  in  improving  certain  riparian 
areas. 


Values  of  Riparian  Habitats 

Within  the  Intermountain  region,  riparian 
vegetation  is  most  often  found  along  meandering 
streams  in  narrow  strips  that  may  be  only  a  few 
feet  wide.   Wet  and  semiwet  meadows  also 
intermix  through  the  flood  plain.   Riparian 
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habitats  benefit  from  the  additional  water 
provided  by  the  stream  and,  thus,  the  composi- 
tion and  growth  of  the  vegetation  differs  from 
that  found  on  adjacent  uplands.   A  greater 
variety  of  plants  is  encountered  within  the 
riparian  zone  than  on  adjacent  drier  sites. 
This  normally  includes  a  mixture  of  woody  and 
herbaceous  species.   Abundant  succulent  herbage 
is  produced  throughout  most  of  the  growing 
season.   Grazing  animals  are  attracted  to  the 
water,  shade,  and  forage  provided  by  these 
sites,  particularly  during  mid-  and  late  summer 
when  other  vegetation  is  dry.   The  sites  not 
only  furnish  forage  and  water  but  also  conceal- 
ment and  protection.   Fish  and  aquatic  life  are 
dependent  upon  the  vegetation  to  provide  site 
stability  and  food. 


Planting  Conditions  in  Riparian  Habitats 

Within  the  Intermountain  region,  most  riparian 
zones  requiring  revegetation  have  been  seriously 
altered.   Appropriate  revegetation  practices 
must  be  used  to  stabilize  and  improve  the  sites. 
The  most  obvious  conditions  that  influence 
restoration  measures  are: 

1.  Vegetative  protection  is  required  to  control 
soil  erosion  and  streambank  deterioration. 
Often  entire  watersheds  have  been  seriously 
altered  and  the  entire  area  must  be  restored  to 
reduce  serious  flooding  and  sedimentation  of  the 
riparian  zone.   Restoration  along  the  stream 
normally  requires  the  reestablishment  of  woody 
and  herbaceous  plants.   Shrubs  and  trees  often 
are  the  most  important  part  of  the  plant 
community.   Woody  vegetation  provides  stability 
to  the  sites  but  usually  requires  a  number  of 
years  to  develop. 

2.  Sites  requiring  restoration  are  often 
inaccessible  to  mechanical  equipment.   The 
route  of  many  streams  extends  along  narrow, 
steep,  and  rough  terrain.   Only  small  areas  may 
be  level  enough  to  accommodate  vehicles  or 
planting  machinery.   Equipment  designed  to 
treat  small  areas  is  not  always  available  nor 
adequate.   Consequently,  in  many  situations  it 
is  impractical  to  mechanically  prepare  or  plant 
the  disturbed  areas. 

3.  Most  riparian  zones  requiring  treatment 
traverse  a  number  of  different  plant  communities 
and  site  conditions.   The  riparian  vegetation 
may  change  abruptly  and  frequently.   Restoration 
of  the  vegetation  may  require  reestablishment 

of  many  species  of  adapted  plants.   Plantings 
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can  become  quite  complex.   Variation  in  planting 
sites  can  normally  be  accommodated  by  seeding 
mixtures.   However,  if  transplant  stock  is  used, 
areas  must  be  correctly  categorized  and  planted 
with  adapted  species. 

4.  Problem  sites  are  often  seriously  disturbed 
and  altered.   The  riparian  zone  frequently  has 
lost  much  of  the  original  vegetation  and 
serious  cutting  and  erosion  may  have  occurred. 
Thus,  the  topsoil  is  lost,  the  water  table 
lowered,  and  active  erosion  continues,  all 
interfering  with  the  establishment  of  small 
plants.   The  sites  no  longer  may  be  able  to 
support  the  original  or  desired  vegetation. 
Intensive  treatment  is  required  to  prepare  and 
maintain  a  suitable  seedbed,  and  introduced 
species  may  be  required. 

5.  Noxious  weeds  and  highly  competitive 
rhizomatous  plants  often  invade  and  occupy 
riparian  zones  and  interfere  with  the 
establishment  of  more  desirable  plants.   Some 
of  the  most  serious  weeds  invade  along 
streambanks  and  can  spread  quickly,  infesting 
large  areas.   The  weedy  plants  must  be  removed 
prior  to  seeding  or  transplanting  without 
causing  further  destruction  to  the  streambank. 
Consequently,  control  by  plowing  or  disking  is 
not  always  feasible.   Many  sites  support  a 
desirable  understory  of  herbs,  yet  may  lack  a 
suitable  overstory  of  shrubs  and  trees.   To 
establish  woody  plants,  competition  from  the 
herbs  must  be  reduced. 

6.  Exclusion  of  grazing  animals  from  the 
treated  areas  is  often  difficult.   Animals 
naturally  concentrate  along  the  riparian  zone 
and  can  seriously  damage  new  plantings. 
Without  satisfactory  control  of  livestock,  new 
seedlings  and  immature  plants  could  be 
vulnerable  to  grazing  for  a  number  of  years. 

7.  Planting  is  often  delayed  past  the  optimum 
season  by  flooding  and  high  runoff.   Appropriate 
planting  seasons  cannot  always  be  selected 
because  of  fluctuating  water  levels.   Certain 
sites  cannot  be  fall  seeded  because  high  runoff 
and  flooding  in  the  spring  washes  away  or 
inundates  seeds  and  new  seedlings.   If  seeding 
or  transplanting  is  delayed  until  summer  when 
flooding  has  receded,  the  work  must  be  com- 
pleted quickly  before  the  soils  dry.   Usually 
the  planting  sites  vary  in  regard  to  flooding 
and  availability  of  soil  moisture.   Some  sites 
become  dry  and  ready  for  planting  while  adja- 
cent areas  remain  under  water. 


METHODS  OF  TREATMENT 

Site  Stability 

Stability  of  the  streambank  and  the  seedbed 
must  be  considered  as  riparian  sites  are 
prepared  for  planting.   New  seedlings  cannot 
become  established  amid  a  competitive  stand  of 
weeds  or  perennial  plants.   Thus,  sites  are 
often  plowed,  disked,  or  otherwise  treated  to 


reduce  existing  competition.   These  practices 
can  seriously  diminish  the  stability  of  the 
streambank,  permitting  excessive  erosion,  and 
should  be  avoided  if  alternative  treatments  are 
possible.   Seedbed  preparation  practices  and 
weed  control  treatments  that  do  not  destroy  or 
seriously  decrease  streambank  stability  must  be 
selected.   Unstable  areas  should  be  mulohed  or 
protected  using  control  structures  or  grading. 
Sites  supporting  a  residual  number  of  desirable 
plants  should  be  protected  and  allowed  to 
recover.   Interseeding  or  seeding  of  small 
disturbed  areas  intermixed  throughout  such 
sites  should  be  considered. 


Weed  Control 

Control  of  noxious  weeds  is  often  required 
prior  to  planting.   Sites  supporting  perennial 
weeds  such  as  Canada  thistle  (Cirsium  arvense) , 
or  whitetop  (Cardaria  draba) ,  should  be 
mechanically  or  chemically  treated.   Herbicides 
are  effective  but  contamination  of  the  stream 
must  be  avoided.   Many  sites  support  little 
vegetation  and  seeding  can  be  accomplished 
without  weed  control. 


Seeding 

Areas  not  subjected  to  flooding  should  be  fall 
planted.   Spring  plantings  are  acceptable  in 
regions  where  spring  or  summer  precipitation 
could  start  germination  and  sustain  new  plants. 
Where  flooding  occurs,  planting  should  be  done 
as  soon  as  possible  after  the  water  recedes. 
Where  possible,  drill  seeding  or  planting  using 
a  cultipacker  is  recommended.   Broadcast 
seeding  is  acceptable  if  the  planted  areas  can 
then  be  harrowed  or  the  seeds  covered  using  a 
drag  or  similar  equipment.   Seedbeds  dry 
quickly  even  in  riparian  communities.   Although 
the  water  table  may  occur  close  to  the  soil 
surface,  the  moisture  is  not  usually  available 
to  newly  germinated  seedlings.   Losses  of  the 
young  plants  may  often  occur  as  the  surface 
dries. 


Transplanting 

Transplanting  is  the  most  practical  means  of 
establishing  shrubs  and  trees.   Although  most 
riparian  sites  receive  supplemental  ground 
water,  not  all  areas  remain  wet  enough  to 
assure  the  establishment  of  newly  transplanted 
stock.   Establishment  of  the  transplant  is  the 
most  critical  hurdle  to  overcome  in  revegeta- 
tion.   Once  plants  become  established,  the 
roots  are  usually  able  to  grow  into  the  wet 
soil  and  growth  is  accelerated. 

Planting  unrooted  cuttings  is  often  attempted. 
Success  is  variable,  depending  upon  the 
condition  of  the  cutting  and  the  planting  site. 
Rooted  cuttings  and  nursery  or  container  grown 
stock  are  recommended.   Cuttings  can  be  rooted 
in  a  nursery  bed  or  under  greenhouse  conditions, 
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Willow  (Salix)  or  poplar  (Populus)  cuttings  are 
better  able  to  establish  if  planted  as  rooted 
stock.   When  planted,  all  stock  should  be 
dormant  and  in  good  condition. 

Transplant  stock  should  not  be  planted  directly 
into  established  stands  of  understory  competi- 
tion.  Weedy  vegetation  should  be  removed  by 
scalping  or  herbicide  application.   Using  a 
hand  sprayer  to  treat  a  spot  about  30  inches 
(76  cm)  in  diameter  with  a  herbicide  is 
sufficient  to  eliminate  competition  and 
facilitate  transplanting.   Adding  an 
agricultural  dye  to  the  herbicide  solution 
marks  the  spray  area  and  aids  in  relocating  the 
planting  spots.   "Roundup"  has  been 
successfully  used  to  control  grasses,  sedges, 
and  broadleaf  herbs.   The  herbicide  must  be 
sprayed  on  actively  growing  vegetation.   The 
transplant  should  not  be  planted  in  the  sprayed 
area  until  the  solution  has  dried. 

Most  transplanting  failures  result  from 
improper  handling  of  stock  and  planting 
practices.   Container  stock  should  be  hardened 
before  field  planting.   Plantings  that  are 
delayed  until  late  in  the  spring  are  not  only 
subjected  to  drying  soil  conditions,  but 
desiccation  from  high  temperatures. 


Site  Improvement  by  Management 


Most  species  can  also  be  grown  as  container 
stock,  but  production  and  field  planting  costs 
are  increased.   Species  that  are  easily 
propagated  by  stem  or  root  cuttings  can  be 
grown  with  little  cost.   When  only  a  few  plants 
are  required,  cuttings  are  a  quick  and 
satisfactory  means  of  propagation.   Small 
seedlings  or  young  plants  can  often  be  dug  from 
the  area  and  used  in  restoration  projects. 
Regardless  of  the  stock  used,  all  materials 
should  be  healthy  and  in  good  condition  for 
planting.   Failure  to  use  suitable  stock  cannot 
be  justified. 

Plummer  and  others  (1968)  report  the  success  of 
certain  species  for  inland  saltgrass  sites. 
McGinnis  and  others  (1963)  and  Eckert  (1975) 
describe  plants  for  wet  meadow  situations. 
Many  plants  that  normally  are  easy  to  propagate 
such  as  willow  (Salix) ,  Dogwood  (Cornus) ,  and 
cottonwood  (Populus)  may  not  survive  when 
planted  on  disturbed  areas.   Even  when  adapted 
species  are  used,  considerable  care  is  required 
to  assure  planting  success. 
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Many  riparian  sites  support  a  remnant  of  woody 
and  herbaceous  plants.   Although  the  plants  may 
be  heavily  browsed  and  weak,  recovery  can  occur 
if  grazing  is  controlled.   Reestablishment  of 
beaver  and  moderation  of  streamflow  also  bene- 
fit plant  recovery  (Smith  1980).   Not  all  sites 
are  capable  of  recovering  in  an  acceptable 
period  even  when  protected;  therefore,  planting 
may  be  required. 


Recommended  Species 

Plants  recommended  for  riparian  communities 
normally  consist  of  the  native  species 
prevalent  in  the  area.   Many  woody  species  that 
are  encountered  in  the  riparian  zones  can  be 
propagated  by  stem  or  root  cuttings.   If  not, 
seeds  can  be  collected  and  plants  can  be  grown 
in  containers  or  as  bareroot  nursery  stock. 
Species  recommended  for  planting  riparian  zones 
in  the  major  plant  communities  of  the  Inter- 
mountain  region  are  listed  in  tables  1  and  2. 

Most  planting  stock  should  be  of  sufficient 
size  to  survive  the  harsh  conditions  that  often 
occur.   Usually  large  size  plants,  2-0  nursery 
stock  or  18  to  20  inch  (45  to  50  cm)  container- 
grown  plants  survive  better  than  smaller  stock. 
Plants  should  have  a  satisfactory  root  system 
to  be  able  to  grow  quickly  and  become  fully 
established.   Most  transplant  stock  can  be 
nursery  grown  within  one  or  two  seasons,  as 
shown  in  table  3. 
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Table  1. — Grasses  and  broadleaf  herbs 

recommended  f 

or 

rip 

arian  plantings  within  major  plant 

communities 

Areas  of  adaptation 

Wet 
|  Species                    meadow 

Forest 
types 

Mountain         Sagebrush  and 
brush           desert  shrubs 

Salt- 
grass 

Grasses 

Barley,  meadow                 x 
Bluegrass,  Kentucky            x 

X 

X 

X 

Bluegrass,  Sandberg 
Brome,  meadow 
Brome,  mountain 
Brome,  smooth 
Canarygrass,  reed 
Fescue,  tall 
Foxtail,  meadow 
Hairgrass,  tufted 
Orchardgrass 
Redtop 

Reedgrass,  chee 
Ryegrass,  perennial 
Sacaton,  alkali 
Squirreltail , 
bottlebrush 
Timothy 

Wheatgrass,  bluestem 
Wheatgrass,  slender 
Wheatgrass,  streambank 
Wheatgrass,  tall 
Wildrye,  creeping 
Wildrye,  Great  Basin 
Wildrye,  mammoth 
Wildrye,  Russian 


Forbs 


Alfalfa,  creeping  type 
Aster,  alpine  leafy- 
bract 
Aster,  Pacific 
Bassia,  fivehook 
Clover,  alsike 
Clover,  strawberry 
Cowparsnip,  common 
Crownvetch 
Medick,  black 
Milkvetch,  chickpea 
Valerian,  edible 
Yarrow 
Sagebrush,  Louisiana 
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Table  2. — Trees  and  shrubs  recommended  for  planting  riparian  sites  within  major  plant  communities 


Areas  of  adaptation 


Species 


Wet 

Forest 

Mountain 

meadow 

types 

brush 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Sagebrush  and 
desert  shrubs 


Salt- 
grass 


Alder,  thinleaf 
Aspen,  quaking 
Birch,  western  river 
Buckthorn 

Buf faloberry,  russet 
Buf faloberry ,  silver 
Ceanothus,  redstem 
Chokecherry,  black 
Cinquefoil,  bush 
Currant 

Dogwood,  redosier 
Elaeagnus,  autumn 
Elder,  blueberry 
Elder,  redberry 
Greasewood,  black 
Hawthorn 

Honeysuckle,  Tatarian 
Honeysuckle,  Utah 
Maple,  bigtooth 
Mountain-ash,  Greenes 
Ninebark,  mallow 
Pachistima,  myrtle 
Peachbrush,  desert 
Pine,  lodgepole 
Plum,  American 
Poplar,  black 
Poplar,  narrowleaf 
Raspberry 
Rose,  Woods 
Russian-olive 
Sagebrush,  silver 
Saltbush,  Gardner 
Snowberry,  mountain 
Snowberry,  western 
Willow,  purpleosier 
Willow,  Scouler 
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Table  3. — Size  and  type  of  planting  stock  recommended  for  field  transplanting 


Transplant  material 


Species 


Nursery 
stock 


Containers 


Cuttings 


Wildings 


Alder,  thinleaf 
Aspen,  quaking 
Birch,  Western  river 
Buckthorn 

Buf faloberry ,  russet 
Buf faloberry ,  silver 
Chokecherry,  black 
Cinquefoil,  bush 
Currant 

Dogwood,  redosier 
Elaeagnus,  autumn 
Elder,  blueberry 
Elder,  redberry 
Greasewood,  black 
Hawthorn 

Honeysuckle,  tatarian 
Honeysuckle,  Utah 
Maple,  bigtooth 
Mountain-ash,  Greenes 
Ninebark 

Pachistima,  myrtle 
Peachbrush,  desert 
Pine,  lodgepole 
Plum,  American 
Poplar,  black 
Poplar,  narrowleaf 
Raspberry 
Rose,  Woods 
Russian-olive 
Sagebrush,  silver 
Saltbush,  Gardner 
Snowberry,  mountain 
Snowberry,  western 
Willow,  purpleosier 
Willow,  Scouler 


1-0 
2-0 
1-0 
1-0 
1-0 
2-0 
2-0 
1-0 
2-0 
1-0 
2-0 
1-0 
1-0 
2-0 
1-0 
1-0 
1-0 
2-0 
2-0 
2-0 
2-0 
2-0 
2-0 
1-0 
1-0 
1-0 

1-0 
1-0 
1-0 
2-0 
1-0 
1-0 
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CHARACTERISTICS  AND  USES  OF  IMPORTANT  GRASSES 
FOR  ARID  WESTERN  RANGELANDS 

John  M.  Sours 


ABSTRACT:   Twenty-five  species/varieties  of 
native  and  introduced  grasses  are  described  with 
characteristics,  origin,  and  suggested  uses. 
Factors  affecting  seed  production,  distribution, 
and  availability  are  discussed  emphasizing 
specifications  for  seed  procurement,  seed 
availability,  varietal  characteristics,  and 
comparative  seed  costs. 

INTRODUCTION 

The  many  varieties  of  grasses  and  forbs  now 
commercially  available  are  the  result  of 
extensive  research,  and  represent  an  incalculable 
expenditure  of  time  and  money.   The  major  source 
of  improved  germ  plasm  for  rangeland  use  has  been 
USDA  Soil  Conservation  Service  Plant  Material 
Centers.   Several  varieties  have  also  originated 
from  State  Agricultural  Experiment  Stations. 
Other  varieties  now  in  widespread  use  were 
developed  by  Agriculture  Canada  Research 
Stations. 

The  Intermountain  Forest  and  Range  Experiment 
Station  is  a  very  promising  source  of  native 
grasses,  shrubs,  and  forbs  for  arid  lands. 
Several  commercial  seed  producers  in  the 
Intermountain  West  are  impatient  for  the  release 
of  the  Station's  promising  ecotypes.   It  is 
frustrating  for  the  seed  industry  to  receive 
repeated  solicitations  for  certain  species,  and 
respond  with  poor  second  or  third  choices.  A 
great  deal  of  research  has  been  completed,  and 
promising  ecotypes  have  been  isolated.   Demand 
for  this  germ  plasm  has  been  established;  supply 
must  be  expedited.   The  commercial  seed  industry 
may  gradually  become  active  in  research  and 
development  of  improved  germ  plasm  of  arid  land 
ecotypes. 

GRASS  SPECIES  AND  VARIETIES 

The  seed  industry  tends  to  simplify  the  solution 
to  poor  range  quality.   A  stock  answer  to  low 
production  is  another  reseeding  program  using 
species  with  high  forage  potential.   A  small 
expenditure  for  seed,  and  lush  meadows  supposedly 
appear  as  if  by  magic.   Livestock  and  wildlife 
flourish;  clear  sparkling  streams  flow  freely; 
living  becomes  easy. 

Ever  so  slowly,  we  learn  that  it  takes  more  than 
just  seed.   The  science  of  range  management  grows 
constantly,  reminding  us  of  how  little  we  know. 
Debates  rage  on  as  to  the  benefits  of  one 
management  system  over  another.   We  seem  to  have 
a  solution,  something  unexpected  happens,  and  the 
search  starts  over  again. 


John  M.  Sours  is  a  member  of  the  Intermountain 
Grass  Growers  Association,  Post  Falls,  Idaho. 


Nevertheless,  a  seeding  program,  with  good 
technology,  can  greatly  accelerate  the  overall 
program  to  increase  the  productivity  and 
diversity  of  rangelands.   The  pristine  climax 
vegetation  of  the  early  1800's  may  not  be 
achievable  after  several  generations  of  abuse, 
but  improvement  is  indeed  possible.   An 
integral  part  of  this  "good  technology"  is  the 
procurement  of  high-quality  seed  of  the  most 
promising  species  and,  to  a  lesser  extent,  the 
selection  of  the  most  promising  varieties 
within  the  species.   The  following  section 
describes  several  species  suited  to  rangeland 
plantings . 

1.  Crested  wheatgrasses,  the  "golden  grasses 
of  the  West",  require  at  least  10  inches  (25 
cm)  of  coarse-to-medium-textured  soils  and  6  to 
15  inches  (15  to  38  cm)  annual  precipitation. 
Development  will  be  slow  in  the  more  arid  range 
areas,  and  new  seedings  may  need  to  be 
protected  from  grazing  for  at  least  2  years. 
They  establish  well  when  planted  on  a  firm 
seedbed.   Seeds  should  be  drilled  about  0.5 
inches  (1  cm)  deep.   The  cresteds  have 
performed  well  in  monocultures,  or  when  seeded 
with  alfalfa.   Consequently,  land  managers  are 
reluctant  to  diversify  plantings  to  include 
other  species,  (a)  Standard  crested  wheatgrass 
(Agropyron  desertorum) ,  the  old-timer,  dating 
back  to  early  introductions  has  all  but 
disappeared.   A  tendency,  in  some  circles,  is 
to  bag  up  all  unidentified,  untraceable, 
crested  wheatgrass  seed  and  call  it  "standard." 
I  prefer  the  terminology  of  "crested 
wheatgrass,  variety  not  stated",  for 
unidentified  seed.   Many  useful  seed  lots  are 
available  for  the  "non-purist"  who  wants  all 
the  seed  his  money  can  buy.   (b)  'Nordan' 
crested  wheatgrass  (A.  desertorum)  is  a 
perennial,  drought-tolerant  bunchgrass.   It  is 
an  outstanding  grass  for  spring  grazing  or  hay, 
and  very  persistent  and  palatable  to  sheep, 
cattle,  and  horses,  (c)  Fairway  crested 
wheatgrass  (A.  cristatum)  is  similar  to  Nordan 
in  many  characteristics;  however,  it  is  a 
little  shorter  and  finer  stemmed.   It  matures  a 
little  earlier  and  has  a  higher  leaf-to-stem 
ratio.   It  is  weakly  rhizomatous  and  looks 
"turfier".  (d)  'Ruff  dwarf  crested  wheatgrass 
(A.,  cristatum)  closely  resembles  fairway.   It 
hasn't  caught  on  well  for  rangeland  seeding, 
and  most  seed  production  has  been  plowed  out 
due  to  lack  of  interest. 

2.  Thickspike  wheatgrass  (A.  dasystachyum)  is 
a  widely  occurring,  native,  sod-forming  grass. 
It  is  best  adapted  to  the  northern 
Intermountain  West  and  the  drier  areas  of  the 
Pacific  Northwest.   It  resembles  western 
wheatgrass  (A_.  smithii)  ,  but  is  more  drought 
tolerant.   It  is  also  similar  to  streambank 
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wheatgrass  (A.  riparium) .   This  whole  complex  may 
cross  under  field  conditions. 

Thickspike  occurs  on  sand,  sandy  loam,  and  loam 
soils,  yet  is  often  successfully  used  to  reclaim 
rocky  sites.   It  requires  from  8  to  15  inches  (20 
to  41  cm)  of  annual  precipitation.   Thickspike 
provides  good  forage  in  spring  and  summer,  but 
must  be  protected  from  overgrazing.   It  is 
palatable  to  livestock,  deer,  and  rabbits.   It 
may  be  the  only  nesting  cover  for  birds  in  sandy 
areas.   Native  stands  are  found  in  communities 
with  Indian  ricegrass,  sand  dropseed,  and 
needlegrass.   (a)  'Critana'  is  the  most  common 
cultivar  and  has  enjoyed  great  popularity.   It  is 
used  as  the  basic  component  of  many  reclamation 
seedings.   It  does  have  a  serious  seed  production 
problem.   The  purest  foundation  seed  may  yield  a 
mixture  of  thickspike  and  slender  wheatgrass  in 
the  first  generation.   The  problem  was  easily 
overcome,  however,  by  simply  changing  the  seed 
certification  standards  to  allow  30  percent 
slender  wheatgrass  in  thickspike  and  still  carry 
the  cherished  "blue  tag"  of  "pure"  certified 
seed.   (b)  'Elbee'  is  a  variety  of  thickspike 
released  3  years  ago  by  Agriculture  Canada.   It 
appeared  to  be  a  pure  thickspike  strain;  however, 
in  1981  plantings  "blew  up"  as  slender  wheatgrass 
variants  appeared. 

3.  Tall  wheatgrass  (A.  elongatum)  is  a  tall, 
late  maturing,  perennial  bunchgrass.   It  is 
vigorous  enough  to  outgrow  recurring  deposits  of 
wind-borne  volcanic  ash  on  the  subirrigated 
canyon  floors  of  the  central  Washington  scabland. 
Although  coarse,  it  is  surprisingly  palatable  and 
can  be  used  to  extend  grazing  seasons  well  into 
the  summer.   It  can  also  be  used  for  silage  or 
chopped  hay.   Tall  wheatgrass  does  not  perform 
well  on  poorly  drained  soils,  but  thrives  where 
irrigated  or  subirrigated.   Its  most  outstanding 
characteristic  is  its  tolerance  to  saline, 
saline-alkali,  or  alkali  soils,  or  to  water 
containing  these  salts. 

Tall  wheatgrass  is  used  on  large  commercial 
livestock  pastures  in  Texas  where  irrigation 
water  has  become  too  alkaline  for  other  forage. 
Forage  utilization  requires  special  management, 
(a)  'Alkar'  is  the  most  common  variety  in  the 
northern  latitudes,  (b)  'Jose'  is  a  new  variety 
that  is  doing  well  in  the  southern  States. 

4.  Bluebunch  wheatgrass  (A.  spicatum)  is  a 
long-lived  perennial  bunchgrass  with  wide 
adaptability.   It  occurs  in  native  stands  from 
the  mountainous  foothills  associated  with 
Ponderosa  pine  or  Douglas  fir,  to  open  prairies 
with  Idaho  fescue  and  Sandberg  bluegrass.   It 
also  is  found  with  needlegrass  in  drier  areas 
with  sagebrush  and  rabbitbrush.   Bluebunch 
requires  from  6  to  35  inches  (15  to  89  cm)  of 
annual  precipitation  and  is  found  from  elevations 
of  300  to  5,000  ft  (91  to  1  524  m) .   It  occurs  on 
both  northern  and  southern  slopes,  depending  on 
location.   It  requires  at  least  10  inches  (25  cm) 
of  medium  to  moderately  coarse,  sandy  loam  soils. 
It  is  not  tolerant  of  excessive  salts  or  soil 
moisture. 


Elk,  whitetail  deer,  mule  deer,  and  antelope 
utilize  bluebunch  wheatgrass  extensively 
throughout  the  winter  and  spring  months. 
Bluebunch  is  an  excellent  range  grass  for 
sheep,  cattle,  and  horses.   Grazing  management 
is  critical  with  the  bluebunches.   Much  of  the 
native  population  has  been  destroyed  by 
overgrazing,  (a)  'Secar'  is  the  only  named 
variety  that  has  been  domesticated.   It  became 
commercially  available  in  1981.   Supplies  of 
seed  are  expected  to  increase  substantially 
with  crop  harvest,  and  prices  may  become  more 
reasonable  by  the  fall  of  1982.  (b)  Common 
bluebuch  wheatgrass  is  harvested  from  one  or 
two  native  stands  each  year.   Although  the 
mechanical  quality  of  this  seed  is  usually 
excellent,  adaptability  is  unknown. 

5.  Beardless  bluebunch  wheatgrass  (A.  spicatum 
inerme)  was  previously  classified  as  A.  inerme. 
The  only  apparent  taxonomic  difference  between 
bluebunch  and  beardless  bluebunch  is  the 
presence  or  absence  of  awns  on  the  seed.   Both 
types  have  basically  the  same  adaptation  and 
use.  (a)  'Whitmar'  is  the  only  named  variety  of 
beardless  bluebunch  that  is  commercially 
available.   The  importance  of  both  varieties 
demands  a  dependable  supply  of  seed  at  a  more 
reasonable  price  than  has  been  experienced  in 
the  past.   Quality  seed  will  probably  never  be 
as  inexpensive  as  crested  unless  varieties  or 
techniques  can  be  developed  to  increase  seed 
yield. 

6.  Intermediate  wheatgrass  (A.  intermedium)  is 
an  introduced,  perennial,  sod-forming  grass. 

It  is  a  tall  species  that  produces  high  yields 
of  excellent  hay  or  pasture  grass. 
Intermediate  is  adapted  to  soils  that  are  well 
drained  and  loamy  to  fine  textured.   It 
tolerates  only  mild  alkalinity.   It  requires  a 
minimum  of  14  inches  (36  cm)  of  precipitation 
except  on  deep,  fine-textured  soils  where  it 
performs  well  on  only  12  inches  (30  cm)  of 
moisture.   Intermediate  germinates  promptly  and 
has  excellent  seedling  vigor. 

Mixtures  of  intermediate  wheatgrass  and  dryland 
alfalfa  are  very  compatible.   They  are  adapted 
to  similar  sites  and  mature  at  about  the  same 
date.   There  are  several  varieties  from  which 
to  choose:  (a)  'Oahe'  is  the  most  abundant 
variety,  because  most  seed  growers  feel  that  it 
yields  the  most  seed  per  acre,  (b)  'Greenar'  is 
usually  available  at  a  premium  price.   It  is 
reported  to  have  an  advantage  over  the  other 
varieties  in  forage  quality,  (c)  'Amur'  is  a 
variety  released  in  New  Mexico.   Its  production 
is  very  limited,  (d)  'Tegmar'  is  a  dwarf 
variety  about  half  as  tall  as  Oahe  and  Greenar. 
It  spreads  by  forming  rhizomes  and  develops  a 
dense  sod  more  rapidly  than  the  other 
intermediates.   It  produces  quality  forage,  but 
is  usually  used  for  erosion  control  on 
industrial  disturbances.   It  is  excellent  for 
sodded  waterways  because  it  withstands 
considerable  siltation.   Tegmar  can  be  mowed 
closely  to  provide  low-maintenance  turf. 

7.  Pubescent  wheatgrass  (A.  trichophorum)  is 
an  introduced  species  quite  similar  to 
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intermediate  wheatgrass  in  characteristics  and 
adaptability.   It  matures  a  week  or  more  earlier 
than  intermediate,  and  forms  a  denser  sod.   Like 
intermediate,  it  stays  green  well  into  summer  if 
sufficient  moisture  is  available.   It  is  a  little 
more  drought  tolerant  than  intermediate,  being 
able  to  perform  at  12  inches  (30  cm)  of  moisture 
or  even  a  little  less  at  elevations  over  3,500 
ft  (1  067  m) .   Also,  like  intermediate,  pubescent 
forms  a  large  root  mass.   The  basic  taxonomic 
difference  between  the  two  species  is  the 
presence  of  short,  stiff  hairs  on  the  stem, 
leaves,  and  seeds  of  pubescent  wheatgrass. 
Several  varieties  are  usually  available  from 
which  to  makes  a  selection,  (a)  'Mandan',  a 
release  derived  from  North  Dakota,  is  used 
extensively  in  the  northern  Great  Plains  and 
performs  very  well  over  a  wide  area,  (b) 
'Greenleaf  is  a  Canadian  selection  developed  at 
the  Northern  Great  Plains  Research  Center  in 
Mandan,  North  Dakota.   It  has  a  slightly  greener 
color  than  Mandan  and  has  excellent  forage 
qualities,  (c)  'Topar'  is  another  excellent 
variety  for  forage  and  cover.   It  is  often  used 
on  marginal  sites  as  part  of  revegetation 
mixtures,  (d)  'Luna'  was  selected  at  the  Los 
Lunas  Plant  Material  Center  in  New  Mexico.   It 
has  proved  capable  of  establishment  on  harsh 
sites.   In  the  past  several  years,  Topar  and  Luna 
have  commanded  a  premium  seed  price. 

8.  Streambank  wheatgrass  (A.  riparium)  is  a 
native,  sod-forming  grass.   It  has  tough, 
aggressive  rhizomes  that  produce  a  durable  sod 
for  road  shoulders,  sod  runways,  parking  lots, 
and  dryland  turf  areas.   It  is  not  particularly 
palatable  to  livestock  or  wildlife,  which 
enhances  its  use  as  permanent  ground  cover  along 
highways.   It  requires  about  12  inches  (30  cm) 
precipitation  at  lower  elevations  and  will 
maintain  itself  at  9  inches  (23  cm)  at  elevations 
over  3,500  ft  (1  067  m) .   It  is  highly 
competitive  with  weeds  and  brush  under  minimum 
moisture  conditions,  (a)  'Sodar'  is  the  only 
variety  of  this  species  that  has  been  selected 
and  named. 

9.  Slender  wheatgrass  (A_.  trachycaulum)  is 
another  of  the  native  bunchgrasses  that  is 
commercially  available.   Its  outstanding 
characteristic  is  its  rapid  establishment  in 
areas  that  receive  12  to  18  inches  (30  to  46  cm) 
of  precipitation.   It  is  adapted  to  a  wide 
variety  of  soils  and  tolerates  moderate 
alkalinity.   Slender  wheatgrass  is  frequently 
found  in  mixed  stands  with  western  wheatgrass  in 
lakebed  overflow  areas.   The  rapid  establishment 
of  slender  wheatgrass  makes  it  an  excellent 
choice  for  inclusion  in  mixtures  that  contain 
slower  starting  species.   Two  varieties  are 
usually  available:  (a)  'Revenue'  is  a  Canadian 
variety  produced  in  large  volumes  as  certified 
seed  in  Canada.   Only  uncertified  seed  is 
produced  in  the  United  States,  (b)  'Primar'  is  a 
SCS  release  that  may  be  grown  for  certified  seed 
in  the  United  States.   Primar  has  excellent 
adaptability  to  a  wide  area,  but  is  not  as 
readily  available  as  the  Canadian  Revenue 
probably  because  Canadian  seed  periodically 
floods  the  U.S.  Market. 


10.  Creeping  meadow  foxtail  (Alopecurus 
arundinaceus)  and  meadow  foxtail  (A.  pratensis) 
have  similar  characteristics  and  adaptability. 
Their  outstanding  feature  is  adaptability  to 
poorly  drained,  strongly  acid  soils.   Both  are 
extremely  winterhardy,  even  when  covered  with 
ice.   They  start  growth  early  in  the  spring  and 
show  no  damage  from  late  frost.   They  mature 
early  and  recover  rapidly  from  grazing  or 
mowing.   The  seed  is  light  and  fluffy,  thus 
hard  to  harvest,  condition,  and  plant.   It  is 
also  slow  to  become  established. 

The  most  significant  difference  between  these 
two  species  is  that  meadow  foxtail  is 
essentially  a  bunchgrass,  and  creeping  foxtail 
is  rhizomatous.   (a)  'Garrison'  is  a  selection 
of  the  creeping  species  and  is  commercially 
available,  (b)  Meadow  foxtail  has  no  developed 
varieties,  but  is  harvested  from  native  stands. 

11.  Smooth  brome  (Bromus  inermis)  is  an 
introduced  sod-forming  grass  planted 
extensively  for  hay.   It  requires  a  relatively 
fertile,  neutral  soil,  and  at  least  15  inches 
(38  cm)  of  precipitation,  but  it  can  withstand 
periods  of  drought.   It  is  especially  noted  for 
high-quality  hay  when  mixed  with  alfalfa. 
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Manchar  is  very  popular  in  the  West  because  it 
has  good  winter  hardiness.   Its  moderate 
aggressiveness  does  not  compete  excessively 
with  alfalfa. 

12.  Meadow  brome  (Bromus  biebersteinii)  is 
similar  to  smooth  brome,  but  has  a  more  basal 
leaf  development,  and  recovers  much  more 
rapidly  after  cutting  or  grazing.   It  tolerates 
slightly  acid  soils  and  is  used  quite  often 
with  red  clover  or  alsike  clover.   (a)  'Regar' 
is  the  only  named  variety  of  meadow  brome.   The 
rapid  recovery  of  Regar  makes  it  more  suitable 
for  grazing  than  smooth  brome. 

13.  Mountain  brome  (j3.  marginatus)  is  a 
vigorous,  rapidly  establishing  perennial 
bunchgrass.   It  is  a  native  species  from  1,500 
to  4,500  ft  (457  to  1  372  m)  elevation  from 
southern  Alberta  and  British  Columbia  to  New 
Mexico.   Mountain  brome  requires  from  16  to  30 
inches  (41  to  76  cm)  of  annual  moisture.   It 
develops  a  large  root  mass  quite  rapidly,  and 
tolerates  soils  in  the  pH  range  of  5.5  to  8.0. 
Mountain  brome  is  an  excellent  grass  for 
pasture  or  hay.   It  is  also  a  useful  species 
for  revegetating  disturbed  sites  due  to  its 
rapid  establishment  and  soil  stabilizing 
capability.   As  it  is  a  bunchgrass,  it  does  not 
overcompete  with  other  species  in  a  mixture, 
(a)  'Bromar'  is  the  only  named  variety  of  this 
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species.  It  was  released  by  the  Pullman  Plant 
Materials  Center  in  1946.  It  was  popular  as  a 
green  manure  crop  for  several  years  but  fell  into 
disfavor  due  to  devastating  attacks  of  loose  smut 
in  the  seed  production  fields.  Production  ceased 
as  yields  approached  zero.  Recently,  development 
of  a  chemical  smut  treatment  has  re-established  a 
high  quality  seed  supply  for  this  unique  species. 

14.  Indian  ricegrass  (Oryzopsis  hymenoides)  is  a 
native  bunchgrass  widely  distributed  on  droughty, 
sandy,  rocky  soils  throughout  the  West.   Its 
tremendous  drought  tolerance,  winter  nutritional 
value  and  palatability  make  it  an  important 
species  for  many  types  of  wildlife  and  livestock. 
Several  disadvantages  have  restricted  its  use. 
Seed  collected  in  one  area  may  not  perform  well 
in  another  area;  specifically,  when  seed  from  low 
elevations  in  southern  latitudes  is  brought  north 
or  to  higher  elevations.   Seed  can  be 
mechanically  harvested  only  in  limited  areas  and 
hand  harvested  seed  is  high  priced.   Seed 
germination  and  seedling  establishment  are  very 
slow.   Seed  must  be  planted  deeply  to  sustain 
germination  in  droughty  soils.   If  this  starchy, 
high-energy  seed  is  broadcast  or  planted  very 
shallow,  it  will  be  eaten  by  birds  and  rodents 
long  before  it  germinates. 

At  the  present  time,  two  named  varieties  have 
been  released.   (a)  'Nezpar'  is  an  ecotype  from 
north  central  Idaho  that  is  now  in  substantial 
commercial,  mechanized  production.   We  can  expect 
dependable  supplies  of  this  variety  and  a 
decrease  in  seed  prices.   This  variety  was 
developed  by  the  SCS  Plant  Materials  Center  in 
Aberdeen,  Idaho,  (b)  'Paloma'  is  the  other  named 
variety  and  represents  the  more  southern 
ecotypes.   It  was  released  by  the  SCS  Plant 
Materials  Center  in  Los  Lunas,  New  Mexico  and  is 
progressing  very  well  with  the  professional  seed 
growers. 

15.  Mountain  rye  (Secale  montanum)  is  a  species 
that  has  become  established  and  has  persisted 
both  in  native  stands  and  in  cultivated  seedings 
at  mid-to-high  elevations.   It  is  a  dependable 
perennial  closely  related  to  annual  cereal  rye. 
It  should  have  great  potential  as  a  nurse  crop 
for  high-elevation  mixtures,  or  for  use  as  a 
monoculture  in  the  rapid  stabilization  of 
critical  areas.   At  this  time  there  is  no 
commercial  supply  or  production.   This  species  is 
worthy  of  an  accelerated  release  program.   The 
plant  is  well  adapted  to  mine  disturbances 
throughout  a  wide  range  of  sites. 

16.  Bottlebrush  squirreltail  (Sitanion  hystrix) 
is  a  native  species  that  is  becoming  more 
.available.   It  is  a  competitive  perennial  that 
can  invade  cheatgrass  ranges.   It  produces 
excellent  forage  in  the  early  spring  for 
livestock  and  wildlife. 


17.  Canby  bluegrass  (Poa  canbyi)  is  a  native 
perennial  bunchgrass.   It  is  a  short, 
understory  grass  that  competes  with  cheatgrass 
on  shallow  soils.   It  grows  vigorously  in  the 
early  spring  and  during  mild  winter  periods. 
It  enters  dormancy  following  seed  set  in  the 
early  summer.   Canby  bluegrass  should  be  used 
to  increase  plant  diversity,  compete  with 
cheatgrass,  and  provide  ground  cover  under  and 
around  taller  bunchgrasses,  shrubs,  and  forbs. 
It  is  palatable  to  wildlife  and  livestock  and 
is  one  of  the  earliest  grasses  to  green  up  in 
the  spring,  (a)  Currently  'Canbar'  is  the  only 
named  variety.   Although  it  was  released  in 
1979,  it  is  just  now  becoming  commercially 
available.   Supplies  should  continue  to 
improve. 

18.  Russian  wildrye  (Elymus  junceus)  is  an 
introduced  perennial  bunchgrass.   While 
classified  as  a  cool  season  grass,  it  grows 
actively  during  mid-summer  if  moisture  is 
available.   The  leaves  are  all  basal  and  seed 
stalks  are  bare.   Russian  wildrye  is  slow  to 
establish  due  to  the  low  vigor  of  young 
seedlings.   It  remains  palatable  and  digestible 
through  the  summer  months,  and  complements  any 
warm  season  grasses  in  the  area.   (a)  'Vinall' 
is  the  most  prevalent  variety  currently  on  the 
market.   Its  foremost  characteristic  is  the 
stabilization  of  seed  yields,  (b)  'Sawki'  is  a 
Canadian  variety  that  has  become  difficult  to 
purchase  by  variety  name.   It  is  reasonably 
safe  to  assume  that  most  of  the  common  seed  on 
the  market  is  of  the  Sawki  germ  plasm. 

19.  Great  Basin  wildrye  (Elymus  cinereus)  is  a 
native  bunchgrass  that  once  covered  large  areas 
of  western  North  America.   This  species  has 
unique  adaptability  to  saline/alkaline  lakebeds 
and  also  the  surrounding  uplands.   It  grows  in 
communities  with  salt  desert  species,  such  as 
saltgrass,  and  also  upland  species  such  as 
wheatgrasses,  rabbitbrush  and  sagebrush.   It 
will  not  tolerate  shallow  soils,  nor  does  it 
perform  well  on  deep,  coarse,  sandy  soils.   It 
is  adapted  to  a  wide  range  of  other  soil  types. 
It  requires  a  minimum  of  8  to  16  inches  (20  to 
41  cm)  of  annual  precipitation.   It  will  grow 
well  on  high  water  table  areas,  and  responds 
well  to  irrigation.   Spring  grazing  is 
extremely  detrimental  to  basin  wildrye.   For 
this  reason  only  remnants  of  the  once  vast 
native  stands  can  be  found. 

Great  Basin  wildrye  provides  excellent  cover 
and  nesting  for  pheasants.   Birds  and  rodents 
also  eat  the  seeds.   It  is  utilized  by  deer, 
primarily  for  bedding  areas  and  cover,  but  they 
do  browse  it  to  a  limited  degree.   (a)  'Magnar' 
is  the  only  named  variety.   It  was  developed 
from  a  selection  of  Canadian  origin  by  the  SCS 
Plant  Materials  Center  in  Aberdeen,  Idaho. 


A  major  problem  with  squirreltail  is  that  the 
seeds  will  not  thresh  or  dislodge  from  the  head 
or  stem  until  the  seed  is  completely  ripe.   When 
ripe,  the  entire  head  disarticulates.   The  seed 
is  difficult  to  harvest  with  mechanized 
equipment.   It  is  important  that  a  strain  be 
developed  that  can  be  combine  harvested. 


20.  Altai  wild  ryegrass  (Elymus  angustus)  was 
introduced  from  Siberia  into  Canada  for  testing 
in  1934.   It  was  released  to  Canadian  growers 
as  the  certified  variety,  'Prairieland' ,  in 
1976.   As  with  the  other  wildryes,  Altai  has  an 
abundance  of  coarse  basal  leaves,  which  grow 
erect  from  the  crown.   The  seed  stalks  are  tall 
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and  bare.   This  variety  is  adapted  to  deep 
soils.   Its  roots  grow  to  a  depth  of  10  to  14 
ft  (3  to  4  m)  enabling  it  to  draw  subsoil 
moisture  from  perched  water  tables.   It  will 
tolerate  alkaline/saline  soils  as  well  as  tall 
wheatgrass,  but  is  considerably  more  drought 
tolerant.   It  grows  best  on  loam  and  clay 
prairie  soils. 

Prairieland  Altai  wildrye  produces  forage  which 
is  palatable  throughout  the  year.   Its  most 
common  usage  is  for  standing  hay  for  winter 
consumption.   The  growth  period  is  from  early 
spring  through  fall.   Some  certified  seed  has 
been  available  from  Canadian  growers. 
Uncertified  domestic  production  should  be 
available  by  the  spring  of  1983. 
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GRASSES  FOR  REVEGETATION  OF  MOUNTAIN  SITES 


Wendell  Hassell,  Jack  Carlson,  and  Jim  Doughty 


ABSTRACT:  Cool-season  grasses  are  important  to 
revegetation  seed  mixtures  for  mountain  sites  in 
the  Intermountain  West.   Selection  of  species 
depends  on  knowing  their  characteristics  and 
adaptation.   Twenty-four  recommended  speices  are 
described. 


INTRODUCTION 

Many  mountain  ranges  in  the  Intermountain 
region  of  the  Western  United  States  have 
relatively  high  precipitation  and  support 
mountain  shrubs,  woodlands,  and  alpine 
vegetation.   A  variety  of  grasses  are  found 
growing  throughout  these  vegetative  zones. 

In  this  paper,  mountain  sites  are  defined 
as  areas  where  mean  annual  precipitation  exceeds 
18  inches  (46  cm) .   These  areas  have  shrub  and 
grasslands  in  the  high  mountain  parks  and 
valleys  and  contain  ponderosa  pine,  Douglas-fir, 
spruce-fir,  and  alpine  communities.   The 
sagebrush  and  pinyon-juniper  woodland 
communities  are  generally  excluded. 

Several  perennial  grasses  native  to 
mountain  sites  and  useful  in  reseeding  programs 
are  commercially  available.   Other  potentially 
useful  native  grasses  are  not  currently 
available  or  are  in  short  supply.   Some 
introduced  grasses  having  similar  attributes  and 
adaptations  are  commercially  available  and  can 
be  substituted  for  these. 

We  describe  18  major  and  6  minor  native  or 
introduced  grass  species  recommended  for 
revegetation  of  mountain  sites.   Table  1  lists 
selected  characteristics  of  all  24  species,  and 
table  2  describes  their  range  of  environmental 
adaptation.   Information  is  based  on  the 
references  listed  at  the  end  of  this  paper  and 
on  work  by  three  USDA  Soil  Conservation  Service 
Plant  Materials  Centers  (PMC's)  in  the 
Intermountain  region.   The  PMC's  are  at 
Aberdeen,  Idaho;  Pullman,  Wash.;  and  Meeker, 
Colo. 


Wendell  Hassell  and  Jack  Carlson  are  Plant 
Materials  Specialists,  USDA-Soil  Conservation 
Service,  Denver,  Colo.,  and  Portland,  Oreg. , 
respectively;  and  Jim  Doughty  is  a  State  Range 
Specialist,  USDA-Soil  Conservation  Service, 
Reno ,  Nev . 


Only  cool-season  grasses  are  considered. 
These  grasses  grow  actively  during  mild  winters, 
develop  rapidly  and  flower  in  spring  and  early 
summer,  become  relatively  dormant  during  the 
summer,  and  resume  growth  in  the  fall. 
Cool-season  grasses  have  C-3  photosynthetic 
pathways. 

With  two  exceptions,  all  species  described 
flower  in  May  to  June  and  produce  mature  seed  in 
June  to  July.   The  exceptions  are  alpine  timothy 
and  tufted  hairgrass,  which  flower  in  June  to 
July  and  produce  mature  seed  in  July  to  August, 
except  at  higher  elevations,  such  as  alpine 
meadows,  where  mature  seed  may  not  be  produced 
until  late  August  or  early  September. 


Table  1: 
Grasses 


INTERPRETATION  OF  THE  TABLES 


Selected  Characteristics  of  the 


Longevity. — Short-lived  (S)  stands  begin  to 
decline  dramatically  after  3  or  4  years  and  are 
gone  10  years  after  planting.   Long-lived  (L) 
stands  do  not  begin  to  decline  for  at  least  5  to 
7  years,  and  usually  last  10  to  20  years  with 
proper  management  on  adapted  sites. 

Seeding  growth. — Ratings  are  relative. 
Perennial  ryegrass  is  a  standard  rapidly 
developing  grass;  hard  fescue  is  slow 
developing.   Under  optimum  conditions,  ryegrass 
may  provide  greater  then  50  percent  cover  in  45 
days;  hard  fescue  would  require  an  entire 
growing  season.   Many  rapidly  developing  grasses 
are  short-lived.   Erosion-control  seed  mixtures 
usually  include  both  rapidly  developing  species, 
and  persistent,  but  slowly  developing  species. 

Herbage  volume. — Ratings  are  relative. 
Production  of  herbage  varies  by  site,  season, 
use,  and  other  factors  in  addition  to  inherent 
capability. 

Forage  quality. — Ratings  are  relative. 
Cool-season  pasture  grasses  are  rated  high; 
native  range  grasses  may  be  rated  somewhat 
lower.   Grasses  for  special  uses  such  as  turf  or 
erosion  control  may  also  be  low  in  forage 
quality. 

Table  2:   Environmental  Adaptation 

Precipitation. — The  minimum  or  range  of 
mean  annual  precipitation  tolerated  by  each 
species  is  recorded.   For  example,  intermediate 
wheatgrass  is  adapted  where  mean  annual 
precipitation  is  at  least  14  inches  (35  cm) . 
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Table  1. — Selected  characteristics  of  cool-season  grasses  for  mountain  sites  (See  text  for  explanations  of 
columns  2,  3,  5,  and  6) 


Plant  name 


Longe- 
vity 


Season  of 
forage  use 
Seedling   by  livestock 


growth 


only 


Herbage     Forage  Seed/ft2  at 

volume      quality  ^   No.  seed/lb    1  lb/acre 


Alpine  timothy 

L 

S- 

M 

summer 

L 

F 

1,680,000 

38 

Arizona  fescue 

L 

S- 

M 

summer 

L 

F-G 

550,000 

13 

Big  bluegrass 

L 

M 

spring 

M 

G 

917,000 

21 

Blue  wildrye 

S 

R 

spring, 
early  summer 

M 

F 

131,000 

3.1 

Canada  bluegrass 

L 

s- 

M 

early  summer 

L 

F 

2,500,000 

57 

Canby  bluegrass 

L 

s 

spring 

L 

F-G 

296,000 

21 

Columb  ia 
needlegrass 

L 

s- 

M 

spring, 
early  summer 

M 

F-G 

200,000 

4.6 

Creeping  foxtail 

L 

s- 

M 

late  spring, 
summer 

M-H 

G 

900,000 

21 

Creeping 
red  fescue 

L 

s 

late  spring, 
summer 

L 

F-G 

615,000 

14 

Hard  fescue 

L 

s 

late  spring, 
s  umme  r 

L 

F-G 

565,000 

13 

Intermediate 
wheatgrass 

L 

M- 

R 

late  spring, 
early  summer 

M 

VG 

100,000 

2.4 

Kentucky 
b  luegrass 

L 

s- 

M 

late  spring, 
s  umme  r 

L 

F-G 

2,100,000 

50 

Meadow  brome 

L 

R 

spring, 
summer 

M 

E 

80,000 

1.8 

Mountain  brome 

S 

VR 

spring, 
early  summer 

M 

VG 

90,000 

1  .9 

Orchardgrass 

L 

M 

spring, 
early  summer 

M 

E 

540,000 

12 

Perennial 
ryegrass 

S 

VR 

spring 

M-H 

G 

247,000 

5.7 

Prairie  junegrass 

L 

s- 

■M 

summer 

M 

G 

700,000 

16 

Sheep  fescue 

L 

S 

late  spring, 
early  summer 

L 

F-G 

680,000 

16 

S lender 
wheatgrass 

S 

R 

spring 

M 

G 

167,000 

3.7 

Smooth  brome 

L 

R 

spring, 
s  umme  r 

M 

E 

125,000 

2.9 

Tall  fescue 

L 

M 

spring, 
early  summer 

M-H 

G 

230,000 

5.3 

Tall  oatgrass 

S 

R 

spring, 
early  s  umme  r 

M 

G 

150,000 

3.5 

Timothy 

L 

M 

spring, 
early  summer 

M 

VG 

1,300,000 

30 

Tufted 
hairgrass 

L 

M 

summer 

M 

F 

2,500,000 

57 

1  L  =  long  lived;  S  =  short  lived. 

2  S  =  slow;  M  =  moderate;  R  =  rapid;  VR  =  very  rapid. 

3  L  =  low;  M  =  medium;  H  =  high. 

4  F  =  fair;  G  =  good;  VG  =  very  good;  E  =  excellent 
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Table  2. — Environmental  adaptation  of  cool-season  grasses  for  mountain  sites  (See  text  for  explanations 
of  columns  2,  3,  4,  5,  7,  9,  10,  and  11) 


o 

■H 

4-1 

en 

CO 
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4J 

jr 

H 

u 

a 

c 

H 

•H 

c 
o 

•h    cn 
■u    >> 

CO      CO 
XI    XI 

a 

3 

e 


>,  4-1 

4-1  C 

•H  CU 

-H  B 

•h  ai 


cu 


3 
■P 
X 

cu 

H 


■H 

o 
w 

o 


c 
o 

•H 

-J 

o 

CO 
CU 


CU 

CJ 

4-1      C 

CO    CO 
CU     t-i 

■X  CU 
1— I 
o 
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Plant    Name 


Alpine 
t imothy 

Ar i  zona 
fescue 

Big  bluegrass 
Blue  wildrye 


Canada 

bluegrass 

Canby  bluegrass 


Columbia 
needlegrass 

Creeping 
foxtail 

Creeping  red 
fescue 

Hard  fescue 


Intermediate 
wheatgrass 

Kentucky 
bluegrass 

Meadow  brome 

Mountain  brome 

Orchardgrass 

Perennial 
ryegrass 

Prairie 
junegrass 

Sheep  fescue 

S  lender 
wheatgrass 

Smooth  brome 

Tall  fescue 

Tall  oatgrass 

Timothy 

Tufted 
hairgrass 


>20 

-50 

HO- 

-40 

MO 

-40 

>16 

-30 

>18 

-40 

>7 

-40 

>14 

-40 

>20 

-40 

>18 

-40 

>14 

-40 

>14-30 

-30 

>18 

-40 

>16 

-40 

>18 

-40 

>18 

-20 

>18 

-30 

>14 

-40 

>10 

-40 

12-30 

-40 

>15 

-40 

>18 

-40 

>20 

-30 

>20 

-40 

>20 

-40 

a49-63 

614-21 
67-14 

621-35 

621-35 
67-14 

614-21 
49-63 
21-35 

621-35 
21-35 
21-35 
24-38 

624-28 
14-21 
14-21 

614-21 

614-21 
49-63 
24-28 
21-35 

621-35 
49-63 

649-63 


L 

L 
L 
L 

L 
L 

L 

M 

L 

M 

M 

M 

M-H 

M 

H 

H 

L-M 

L 

M 

M-H 

M 

L-M 

M 

L-M 


clay  loam  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  to  loam 


clay  to 
sandy  loam 

clay  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  loam  to 
sandy  loam 

clay  to 
sandy  loam 

clay  to 
sandy  loam 

clay  to 
sandy  loam 

clay  to  sand 


clay  loam  to 
sand 

clay  to 
sandy  loam 

clay  loam  to 
loam 

clay  loam  to 
sandy  loam 

clay  to 
sandy  loam 

silt  loam  to 
loamy  sand 

clay  to 
sandy  loam 

clay  to 
sandy  loam 


5.5-7.5 
6.0-7.5 
6.0-8.0 
5.5-7.5 
5.0-7.5 
6.0-8.0 
6.0-8.0 
5.0-8.0 
5.0-7.5 
5.5-7.5 
6.0-7.5 
6.0-7.5 
5.5-7.5 
5.5-7.5 
6.0-7.5 
6.0-8.0 
6.5-8.0 
5.5-7.5 
6.0-9.0 
5.5-7.5 
5.5-8.5 
5.5-7.5 
5.0-7.5 
50-7.5 


MS*- 

MS6 

MS6 

MS€ 

MS 

MT6 

MT^ 

MT 

MS 

MS 

MS 

MS 

MTC 

MS 

MS 

MT 

MTC 

MS6 

T 

MT 

MT 

MS6 

MS 


P-W 

F 

MW-W 

G 

SP-W 

G 

W 

G 

SP-W 

F 

SP-W 

G-E 

w 

G 

P-W 

G 

SP-W 

F-6 

SP-W 

G 

MW-W 

G 

MW-W 

F-G 

SP-W 

F-G 

SP-W 

F 

MW-W 

F-G 

P-SE 

G 

W-SE 

G 

MW-W 

G 

MW-W 

G 

SP-W 

F-G 

P-W 

G 

W-SE 

F 

P-W 

F 

P-W 

F 

1  L  =  low;  M  =  moderate;  H  =  high. 

2  Y  =  yes;  N  =  no. 

3  MS  =  moderately  sensitive;  MT  =  moderately  tolerant;  T  =  tolerant. 

4  P  =  poorly;  SP  =  somewhat  poorly;  MW  =  moderately  well;  W  =  well;  SE 

5  F  =  fair;  G  =  good. 

6  Unknown  but  probable. 

7  'Paiute'  is  adapted  v 


somewhat  excessively. 


ipted  where  precipitation  is  greater  than  10  inches 
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Temperature. — The  figures  are  general  guide- 
lines, corresponding  to  plant  hardiness  zones 
(USDA-ARS  1960).   For  example,  intermediate  wheat- 
grass  can  be  expected  to  do  well  in  zones  where  the 
minimum  winter  temperature  is  above  -30°  F  (34°  C) 
(the  expected  minimum  in  hardiness  zone  4) . 

Inundation. — This  indicates  the  number  of  days 
of  inundation  to  a  depth  of  at  least  12  inches 
(30  cm)  a  species  can  withstand  in  the  early  to 
late  spring  during  the  normal  period  of  peak  run- 
off and  prolonged  flooding. 


Fertility  requirements. — Fertility  depends  on 
site  conditions  that  vary  widely.   Therefore,  the 
requirements  are  expressed  in  relative  terms.   Cool- 
season  pasture  grasses  such  as  tall  fescue,  which 
have  high  moisture  requirements,  usually  need  high 
levels  of  nutrients,  particulary  nitrogen.   Native 
range  grasses  generally  have  lower  fertility  require- 
ments. 


Shallow  soils. — This  is  a  rating  of  the  suita- 
bility of  the  species  for  long  term  cover  on  shallow 
soils  without  maintenance  practices  such  as  irriga- 
tion and  fertilization.   Many  of  the  rapidly  devel- 
oping grasses  can  provide  temporary  cover  on  shallow 
soils . 

Salinity  tolerance. — This  is  usually  expressed 
as  a  function  of  salinity  (electrical  conductivity, 
ECe,  in  millimhos  per  cubic  centimeter)  and  percent- 
age of  relative  crop  yield  (Maas  and  Hoffman  1977) . 


Upper  limit  of  salinity  for — 

100%  yield-50%  yield-  No  live  plants 
— millimhos  per  cubic  centimeter — 
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Drainage. — Standard  terminology  of  the  National 
Cooperative  Soil  Survey  is  used  (USDA-Soil  Survey 
Staff  1982). 

Heat  tolerance. — The  relative  ratings  are 
based  on  the  ability  of  plants  to  withstand  high- 
intensity  sunlight  and  high  summer  temperatures. 
Desert  grasses  that  can  withstand  several  days  of 
temperatures  above  100°  F  (38°  C)  are  considered 
to  have  excellent  heat  tolerance.   Grasses  seldom 
are  well  adapted  to  cool,  shaded  locations,  and 
most  species  have  at  least  fair  heat  tolerance. 


It  tolerates  acid  soils  and  low  fertility  and  is 
generally  used  for  erosion  control  on  roadsides, 
borrow  pits,  and  dam  sites,  and  as  a  low-mainte- 
nance turf  in  recreation  areas.   It  is  the  most 
widely  used  bluegrass  for  conservation  on  mountain  ] 
sites  in  the  Intermountain  area.   Kentucky  bluegrass 
(P.  pratensis  L.)  is  a  common  turf  plant,  but  it 
is  less  preferred  for  reclamation  because  it  has 
higher  fertility  requirements  and  less  shade  tol- 
erance than  Canada  bluegrass. 

Big  bluegrass  (P_.  amp la  Merr.)  and  canby 
bluegrass  (P.  canbyi  [Scribn.]  T.  Howell)  are 
drought-tolerant  native  bunchgrasses  that  can  be 
used  on  very  dry  mountain  sites. 

'Reubens'  Canada  bluegrass  is  the  recommended  | 
cultivar  for  mountain  sites  in  the  West  and  is 
widely  used.   It  was  selected  from  a  naturalized 
stand  in  northern  Idaho  and  has  better  seeding 
vigor,  ground  cover,  and  seed  production  than  com-  ] 
mon  types.   'Draylar'  upland  bluegrass  (P.  glaucantha 
Gaudin)  is  a  closely  related  species  with  similar 
attributes.   Both  are  commercially  available. 

Numerous  Kentucky  bluegrass  cultivars  are 
available,  primarily  for  turf.   'Troy'  was  released 
for  horse  pasture  and  is  taller  than  the  others. 
Cultivars  with  proven  adaptation  to  a  particular 
locality  should  be  used. 

'Sherman'  big  bluegrass  and  'Canbar'  canby 
bluegrass  are  the  only  cultivars  of  their  species. 
Both  were  developed  by  the  Pullman  PMC  and  are 
commercially  available. 

Canby  bluegrass.   See  "Canada  bluegrass." 

Creeping  foxtrail 

Creeping  foxtail  (Alopecurus  arundinaceus  Poir, 
is  a  cold-tolerant,  sod-forming  introduced  grass 
that  is  adapted  to  wet  meadowland  sites  in  the 
Intermountain  West.   It  forms  a  dense  sod  with 
strong  rhizomes.   It  is  very  cold-tolerant  and 
can  persist  where  the  frost-free  period  averages 
less  than  30  days.   Creeping  foxtail  is  well  adapted 
for  meadowland  and  hay  and  for  shoreline  stabili- 
zation on  ponds,  lakes,  streams,  and  waterways. 

'Garrison'  is  the  only- cultivar  of  this  species. 
It  produces  good  quality  forage  on  wet  sites  where  it 
generally  is  superior  to  reed  canarygrass  and  other 
wetland  grasses.   Seed  is  light  and  difficult  to 
drill  without  rice  hulls  or  a  similar  diluent.   Seed 
is  available  from  several  commercial  sources. 

Creeping  red  fescue.   See  "Hard  fescue." 

Hard  fescue 


DESCRIPTIONS  OF  MAJOR  GRASSES 

Arizona  fescue.   See  "Hard  Fescue." 

Big  Bluegrass.   See  "Canada  bluegrass." 

Canada  bluegrass 

Canada  bluegrass  (Poa  compressa  L.),  a  low- 
growing,  sod-forming  introduced  grass,  provides 
good  ground  cover  on  open,  dry,  infertile  soils. 


Hard  fescue  (Festuca  longifolia  Thuill.)  is  a  I 
low-growing  bunchgrass  introduced  from  Europe  and 
widely  used  for  highway  plantings,  airport  strips, 
and  other  areas  where  a  low-growing,  persistent, 
competitive  ground  cover  is  needed.   Although  seed- 
lings are  slow  to  establish,  plants  become  compet- 
itive through  the  development  of  abundant  fibrous 
roots.   Arizona  and  sheep  fescue  (F_.  arizonica  Vasey 
and  F_.  ovina  L.)  are  similar  to  hard  fescue  but  are 
more  drought  tolerant.   Creeping  red  fescue  (F_.  rubra, 
L.)  is  less  drought  tolerant  than  hard  fescue  but  is 
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sod- forming.   All  these  fescue  species  are  low  grow- 
ing and  fine  leaved. 

'Durar'  hard  fescue,  developed  by  the  Pullman 
PMC,  is  a  widely  used  cultivar  in  the  West  for 
seeding  cut-over  or  burned  timberland  and  for  ero- 
sion control.   Seed  is  readily  available. 

'Covar'  sheep  fescue  is  a  recent  release  by 
the  Pullman  PMC.   It  has  performed  well  on  fire- 
breaks by  preventing  invasion  of  tall  weedy  species 
and  brush  and  providing  a  low-volume,  fire-resistant 
cover.   'Covar'  performs  well  on  dry,  harsh  sites. 
Seed  is  available  from  commercial  sources. 

'Redondo'  Arizona  fescue,  a  native  cultivar 
selected  by  the  Los  Lunas,  New  Mexico,  PMC,  is 
adapted  to  the  southern  part  of  the  Intermountain 
area  in  woodland  and  forest  plant  communities. 
Some  commercial  seed  is  available. 

Numerous  cultivars  of  creeping  red  fescue  are 
available,  mostly  for  turf  uses.   'Pennlawn,'  a 
Northeast  variety,  can  be  used  on  mountain  sites  in 
the  Intermountain  West  where  precipitation  exceeds 
18  inches  (46  cm).   'Fortress'  is  also  adapted  for 
erosion-control  seedings. 

Intermediate  wheatgrass 

Intermediate  wheatgrass  (Agropyron  intermedium 
[Host]  Beauv.)  is  a  sod-forming,  introduced  grass. 
It  is  commonly  planted  with  alfalfa  for  hay  or 
pasture  and  is  also  frequently  seeded  after  burns 
and  used  for  erosion  control  work.   It  has  good 
seedling  vigor  on  mountain  sites  and  can  survive 
unseasonal  drought  or  cold.   Intermediate  wheat- 
grass  is  one  of  the  better  choices  for  forage 
plantings,  approaching  the  value  of  smooth  or 
meadow  brome,  but  more  tolerant  of  harsh  sites. 

'Greenar'  intermediate  wheatgrass,  developed 
at  Pullman,  Wash.,  is  typical  of  the  species  and 
was  selected  for  forage  production  and  compatabil- 
ity  with  alfalfa.   It  is  mildly  sod-forming.   Seed 
is  available  in  low  to  moderate  amounts — about 
10,000  to  15,000  lb  (4,500  to  7,000  kg)  each  year. 

'Oahe'  is  a  four-clone  synthetic  developed  in 
South  Dakota  for  improved  seed  production,  forage 
yield,  and  rust  resistance.   It  is  well  adapted  to 
the  Intermountain  region,  popular,  and  readily 
available. 

'Tegmar'  is  a  low-growing  cultivar  selected 
at  Aberdeen,  Idaho,  for  erosion-control  attributes, 
including  sod-formation  and  seedling  vigor.   Seed 
supplies  fluctuate,  but  nearly  50,000  lb  (23,000  kg) 
were  produced  in  1980. 

Kentucky  bluegrass.   See  "Canada  bluegrass." 

Meadow  brome. 

Meadow  brome  (Bromus  biebersteinii  Roem.  and 
Schult.)  is  similar  to  smooth  brome  in  character- 
istics and  adaptation.   It  differs  from  smooth 
brome  in  that  it  has  a  bunchgrass  or  only  slightly 
spreading  habit,  lacks  abundant  rhizomes,  and  is 
more  susceptible  to  frost  heaving  at  high  eleva- 


tions. 'Regar'  meadow  brome  is  a  high  producing, 
high  quality  forage  that  should  be  considered  for 
the  better  mountain  soils. 

'Regar'  meadow  brome  was  developed  by  the 
Aberdeen  PMC,  and  seed  is  readily  available.   In 
use  and  characteristics,  it  is  similar  to  'Manchar' 
smooth  brome,  except  'Regar'  is  slightly  earlier. 
In  erosion-control  mixtures,  'Manchar'  is  more 
competitive  than  'Regar'  and  more  likely  to  form 
solid  stands. 

Mountain  brome 

Mountain  brome  (Bromus  carinatus  Hook.  &  Arn.) 
is  a  rapidly  developing,  somewhat  short-lived  native 
bunchgrass  with  a  deep,  well-branched  root  system. 
This  species  occurs  on  mountain  sites  throughout 
the  Intermountain  West.   It  is  valuable  for  erosion 
control,  and  is  well  adapted  for  subalpine  erosion- 
control  seedings  where  a  rapid,  vigorous,  cold- 
tolerant  ground  cover  is  desired.   Plants  are  tall 
and  erect  and  are  heavy  seed  producers. 

'Bromar,'  released  by  the  Pullman  PMC,  is  the 
only  cultivar.   It  is  taller,  leafier,  and  up  to  2 
weeks  later  than  most  other  strains.   Commercial 
seed  production  recently  has  increased  substantially 
to  annual  production  of  5,000  to  15,000  lb  (2,300 
to  7,000  kg) . 

Orchardgrass 

Orchardgrass  (Dactylis  glomerata  L.),  an  intro- 
duced bunchgrass,  is  highly  palatable  to  livestock 
and  is  a  preferred  hay,  pasture,  or  silage.   It  is 
compatible  with  alfalfa  and  clovers,  but  is  less 
winterhardy  than  timothy  and  smooth  brome.  It  also  is 
included  in  erosion-control  mixtures,  particularly 
on  cut-over  or  burned  timberland,  primarily  for  its 
forage  value. 

'Latar'  orchardgrass  was  developed  by  the 
Pullman  PMC.   A  commonly  used  variety  for  forage, 
it  is  lower  in  lignin  and  more  highly  digestible 
than  other  orchardgrasses .   It  is  a  late-season 
strain.   Seed  is  available  in  quantity. 

'Potomac,'  developed  in  the  Northeast,  is  an 
early-season  variety  often  used  in  erosion-control 
seedings.   This  cultivar  has  proven  widely  adapted 
to  mountain  sites  in  the  West.   Seed  is  available. 

'Paiute'  was  selected  by  the  USDA  Forest  Ser- 
vice, Intermountain  Forest  and  Range  Experimental 
Station,  Utah  Division  of  Wildlife  Resources,  and 
the  Aberdeen  Plant  Materials  Center,  and  was  released 
in  1982.   It  is  more  drought  tolerant  than  other 
strains.   Seed  will  be  available  in  spring  1985. 

'Pomar'  is  a  low-growing  cultivar  selected  by 
the  Aberdeen  PMC  for  erosion  control  and  for  use 
as  a  cover  crop  in  orchards.   In  mixtures,  it  is 
also  adapted  for  roadbank  stabilization  in  mount- 
ainous areas  where  a  low-volume  cover  is  desired. 
Seed  is  not  available  at  this  time. 

Numerous  other  orchardgrass  cultivars  are 
commercially  available,  but  they  vary  widely  in 
adaptation  and  attributes.   Substitutions  for  the 
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above  varieties  should  be  made  only  after  consul- 
tation with  qualified  specialist. 

Perennial  ryegrass 

Perennial  ryegrass  (Lolium  perenne  L.)  is  a 
nutritious,  palatable,  introduced  bunchgrass  that 
develops  rapidly  from  seed.   It  has  high  nutrient 
requirements,  and  therefore  usually  is  a  short-lived 
component  of  erosion-control  seed  mixtures.   It  does 
best  where  winters  are  mild,  but  will  perform  ade- 
quately where  they  are  severe.   In  the  Intermountain 
West,  perennial  ryegrass  is  recommended  for  use  as 
rapid  cover  only  if  mountain  brome  or  slender  wheat- 
grass  are  not  available.   Perennial  ryegrass  is 
preferred  over  annual  ryegrass  OL.  _p.  var.  multi- 
f lorum  [Lam.]  R.  Parnell) ,  which  is  very  competi- 
tive and  can  be  allelopathic  to  other  plants  in 
the  seed  mixture. 

Numerous  cultivars  of  perennial  ryegrass  are 
available,  although  no  specific  recommendations 
are  made  for  the  Intermountain  area.   Many  are  turf 
types,  but  several  vigorous  tetraploid  varieties 
have  been  developed  for  short-rotation  pasture  or 
green  chop.   Tetraploid  varieties  are  preferred  for 
erosion  control. 

Sheep  fescue.   See  "Hard  fescue." 

Slender  wheatgrass 

Slender  wheatgrass  (Agropyron  trachycaulum 
[Link]  Malte  ex  H.F.  Lewis)  is  a  short-lived  native 
bunchgrass  with  good  seedling  vigor.   It  is  a  val- 
uable component  of  erosion-control  seed  mixtures 
because  it  develops  rapidly,  is  compatible  with 
other  species,  and  tolerates  a  wide  range  of  site 
conditions.   New  selections  are  proving  well  adapted 
to  high  elevations  but  are  a  few  years  away  from 
official  release  and  commercial  seed  production. 

'Revenue,'  a  Canadian  variety  originating  from 
Saskatchewan,  was  selected  for  salinity  tolerance, 
seed  set,  and  forage  yield.   It  is  not  well  tested 
in  the  Intermountain  West  but  probably  can  be  used 
with  success.   Most  slender  wheatgrass  planted  is 
common  seed  harvested  mainly  from  fields  in  the 
north-central  United  States.   Check  pure  live  seed 
and  weed  content,  as  well  as  source  before  buying. 

Smooth  brome 

Smooth  brome  (Bromus  inermis  Leyss.)  is  a  rap- 
idly developing,  sod-forming,  introduced  grass 
widely  used  for  pasture,  hay,  silage,  and  erosion 
control.   It  rates  high  in  palatability  and  nutri- 
tive value.   Smooth  brome  is  separated  into  north- 
ern and  southern  types.   For  mountain  sites  in  the 
Intermountain  West,  northern  or  intermediate  types 
should  be  used. 

'Manchar'  is  the  preferred  and  most  commonly 
used  variety  of  smooth  brome  for  mountain  sites. 
Developed  by  the  Pullman  PMC,  the  seed  is  readily 
available.   It  germinates  rapidly,  grows  vigorously, 
produces  large  amounts  of  forage,  and  is  compatible 
with  alfalfa  or  hay.   It  can  be  used  in  erosion- 
control  mixtures. 


Tall  fescue 

Tall  fescue  (Festuca  arundinacea  Schreb.)  is 
a  tall,  coarse,  flat-bladed,  introduced  bunchgrass 
that  has  wide  climatic  and  soil  adaptation.   It  is 
widely  used  in  pastures  but  also  provides  a  tough, 
vigorous,  competitive  ground  cover  where  desired. 
Tall  fescue  is  less  palatable  than  other  pasture 
grasses,  which  may  be  grazed  out  of  a  stand  if 
mixed  with  it.   However,  its  value  as  a  forage 
should  not  be  overlooked. 

'Alta'  and  'Fawn'  are  standard  cultivars  that 
are  well  adapted  to  the  Intermountain  area.   Both 
were  developed  in  Oregon  and  are  heavy,  good  qual- 
ity forage  producers,  and  excellent  seed  producers. 
Seed  is  readily  available. 

'Kenhy'  is  a  hybrid  of  tall  fescue  and  peren- 
nial ryegrass.   It  is  more  palatable  than  regular 
strains  of  tall  fescue,  but  retains  its  wide  adap- 
tation, production,  and  resiliency.   Seed  is  avail- 
able. 

Timothy 

Timothy  (Phleum  pratense  L.)  is  an  introduced 
bunchgrass  adapted  to  cool,  humid  areas.   It  does 
well  on  wet  meadowland  sites.   Timothy  hay  is  sold 
at  premium  prices  for  horse  feed  and  is  compatible 
with  alfalfa.   It  also  is  used  for  ground  cover 
on  cut-  or  burned-over  timberland  and  is  not  overly 
competitive  with  tree  regeneration. 

'Climax'  and  'Drummond'  timothy  are  Canadian 
cultivars  that  have  been  commonly  used  in  the  West. 
Private  breeding  efforts  are  resulting  in  new 
cultivars  that  may  prove  useful  in  the  Intermountain 
area.   'Climax'  is  the  most  readily  available  cul- 
tivar . 


DESCRIPTIONS  OF  THE  MINOR  SPECIES 

Several  other  grasses  could  be  used  to  reveg- 
etate  mountain  sites  in  the  Intermountain  West  if 
seed  were  more  readily  available  or  if  cultivars 
were  developed  and  released  for  commercial  produc- 
tion.  For  some  of  these  grasses,  the  seed  is 
available  sporadically  and  in  limited  quantities, 
often  from  harvests  of  native  stands. 

Alpine  timothy 

Alpine  timothy  (Phleum  alpinum  L.)  is  a  low- 
growing  native  bunchgrass  in  high  mountain  meadows 
and  moist  seeps.   It  shows  promise  for  revegetation 
of  disturbed  sites  in  alpine  and  subalpine  areas. 
Seed  is  occasionally  available  in  very  small  quanti- 
ties.  Because  little  is  known  about  this  plant, 
local  seed  sources  should  be  used. 

Blue  wildrye 

Blue  wildrye  (Elymus  glaucus  Buckley)  is  a 
rapidly  developing,  short-lived  native  bunchgrass 
with  attributes  similar  to  those  of  mountain  brome 
and  slender  wheatgrass.   It  is  unusual  in  that  test 
plantings  show  it  to  be  compatible  with  tree  regen- 
eration.  Blue  wildrye  is  widespread  throughout 
mountainous  areas  of  the  West  and  has  many  forms. 
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If  seed  happens  to  be  available,  use  only  local 
'sources  from  within  300  miles  (500  km)  and  1,500  ft 
(500  m)  elevation  of  the  intended  site.   Selection 
work  is  under  way  to  develop  adapted  cultivars. 

Columbia  needlegrass 

Columbia  needlegrass  (Stipa  columbiana  JN. 
Macoum.)  is  a  long-lived  native  bunchgrass  in  moun- 
tainous areas  of  the  West,  including  subalpine 
areas.   It  is  drought  tolerant  and  can  form  good 
ground  cover  on  dry,  rocky,  infertile  sites.   Seed 
is  not  available,  but  testing  is  under  way  to  develop 
adapted  cultivars.   A  similar  species  is  Letterman 
needlegrass  (S.  lettermanii  Vasey) ,  which  occurs  at 
higher  elevations  and  holds  promise  for  erosion- 
control. 

Green  needlegrass  (Stipa  virdula  Trin.)  occurs 
mostly  east  of  the  Continental  Divide.   It  is 
available  commercially  and  could  be  considered  for 
use  in  seed  mixtures  in  the  eastern  portion  of  the 
Intermountain  area.   The  adaptation  information  in 
tables  1  and  2  applies  only  to  Columbia  and  Letterman 
needlegrass. 

Prairie  junegrass 

Prairie  junegrass  (Koeleria  cristata  [L.]  Pers. 
Nutt.)  is  a  native  bunchgrass  on  rocky  slopes  and 
in  woodlands  and  open  forests.   It  forms  scattered 
stands  and  is  seldom  abundant.   It  is  drought  tol- 
erant and  is  a  useful  component  of  ground-cover 
mixtures  if  seed  is  available.   Prairie  junegrass 
greens  early  and  is  readily  grazed  in  spring. 
Commercial  seed  is  not  available. 


Tall  oatgrass 

Tall  oatgrass  (Arrhenatherum  elatius  [L.] 
J.  &  K.  Presl)  is  a  rapidly  developing,  short- 
lived, introduced  bunchgrass  with  uses  similar 
to  those  of  slender  wheatgrass.   'Tualatin'  is 
an  old  variety  that  once  was  commonly  used  for 
seeding  logging  roads,  cut-over  timberland,  and 
other  disturbed  areas.   Seed  shattering,  with 
resultant  low  seed  yields,  has  been  the  major 
obstacle  to  greater  acceptance.   Very  little  com- 
mercial seed  is  available. 


Tufted  hairgrass 

Tufted  hairgrass  (Deschampsia  cespitosa  [L.] 
Beauv.)  is  a  native  bunchgrass  in  wet  meadows  and 
along  streambanks  at  high  elevations.   It  has  good 
potential  for  erosion  control  and  streambank  plant- 
ings at  high  elevations.   Limited  seed  is  available 
from  native  harvests,  but  selection  work  is  under 
way  to  develop  adapted  cultivars. 
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Summer  rangelands  in  the  Western  United  States 
are,  for  the  most  part,  mountain  lands.   Lowland 
meadows  are  frequently  grazed  in  summer  by 
cattle  and  other  livestock.   Cattle  can  also  be 
pastured  on  foothill  crested  wheatgrass1  range 
in  summer  if  they  are  fed  a  small  amount  of 
protein  supplement  (Harris  and  others  1968) . 
Despite  possibilities  for  summer  grazing  on 
lowland  ranges,  this  paper  will  deal  with  plants 
adapted  to  the  high  mountain  ranges  of  the 
Intermountain  region.   Disturbances  resulting 
from  overgrazing,  timber  harvesting,  mining, 
recreation,  and  installation  of  roads,  power- 
lines,  and  reservoirs  require  artificial  revege- 
tation of  high  summer  rangelands  for:  (1) 
control  of  runoff  and  erosion,  and  (2)  restor- 
ation of  forage  production  for  domestic  live- 
stock and  big-game  animals. 

Seeding  experiments  using  grasses  on  mountain 
ranges  began  in  Wyoming  in  1897  and  in  Washington 
State  in  1901  (Laycock  1982).   The  establishment 
of  the  Great  Basin  Experiment  Station  in  Ephraim 
Canyon  in  central  Utah  in  1912  resulted  from  the 
need  to  study  ways  of  restoring  plant  cover  on 
depleted  ranges  and  to  determine  which  species 
would  be  most  useful  for  this  purpose  (Keck 
1972).   Much  of  the  information  on  adaptability 
of  species  presented  in  this  paper  comes  from 
the  long-term  results  on  that  area.   Testing 
sites  were  established  at  different  elevations 
in  Ephraim  Canyon  ranging  from  5,600  to  10,500 
ft  (1  707  to  3  201  m)  to  evaluate  the  perfor- 
mance of  a  variety  of  grasses,  forbs,  and 
shrubs.   Pilot  plantings  of  the  most  successful 
species  were  then  established  on  various  sites 
to  further  test  their  adaptability.   Both  native 
and  introduced  species  were  tested  in  the 
earliest  trials  and  that  practice  continued  as 
new  plant  materials  became  available. 


Neil  C.  Frischknecht  recently  retired  as  a  Range 
Scientist  from  the  USDA  Forest  Service,  Intermoun- 
tain Forest  and  Range  Experiment  Station. 
Scientific  names  are  listed  in  table  1. 


CHARACTERISTICS  AND  PROBLEMS  OF  HIGH  MOUNTAIN 
RANGES 

In  central  Utah,  precipitation  increases  with 
altitude  (Lull  and  Ellison  1950).   Areas  above 
8,000  ft  (2  439  m)  elevation  will  receive  around 
25  inches  (63.5  cm)  or  more  annual  precipita- 
tion.  Some  mountain  ranges  will  average  40 
inches  (101.6  cm)  or  more. 

Another  feature  of  high  mountain  lands  is  the 
relatively  short  growing  season.   The  average 
length  of  the  growing  season  in  the  transition 
zone  between  oakbrush  and  aspen  is  100  days.   In 
the  middle  aspen  zone  of  9,000  ft  (2  700  m) ,  the 
average  length  of  the  growing  season  is  90  to 
100  days;  at  10,500  ft  (3  470  m)  elevation,  80 
days.   Plants  adapted  to  these  high  ranges  must 
be  able  to  produce  seed  in  the  short  growing 
season  or  perpetuate  vegetatively . 

Soil  stabilization  capability  is  an  important 
characteristic  of  species  selected  for  seeding 
subalpine  lands.   On  some  areas,  soil  is  thin 
and  plants  are  needed  that  can  check  further 
loss  of  soil.   Much  topsoil  has  eroded  from 
mountain  rangelands  because  of  past  overgrazing. 
Before  establishment  of  National  Forest  reserves, 
domestic  livestock  followed  the  snowline  as  it 
receded  up  the  mountain  in  spring.   This  resulted 
in  early  use  before  plants  were  ready  for 
grazing.   Often  too  many  animals  and  too  much 
use  accentuated  the  problem.   The  most  palatable 
plants  were  destroyed,  and  accelerated  erosion 
ensued,  particularly  on  steep  slopes.   In  the 
1890's,  large  bands  of  sheep  grazed  these 
ranges.   The  abuse  to  the  vegetation  and  soil 
caused  severe  floods  in  the  valleys  below. 
Residents  appealed  to  the  Federal  Government  to 
have  the  mountain  lands  set  aside  in  preserves 
so  that  grazing  could  be  regulated  and  flood 
damage  stopped. 

The  aspen  community  has  the  potential  of  being 
one  of  the  most  productive  of  all  mountain 
vegetation  types  in  terms  of  forage  for  live- 
stock and  big  game.   Unfortunately  many  aspen 
areas  were  severely  depleted  of  understory 
vegetation  by  the  early  history  of  overgrazing. 
Despite  improvement  in  the  last  30  years,  many 
aspen  sites  are  still  producing  below  their 
forage  potential,  and  opportunity  exists  for 
increasing  forage  production. 

A  factor  that  will  preclude  the  improvement  of 
aspen  sites  for  forage  is  the  encroachment  of 
conifers,  if  their  invasion  is  unchecked.   Over 
70  percent  of  the  aspen  lands  in  the  Rocky 
Mountain  area  are  being  invaded  by  conifers  that 
greatly  reduce  species  diversity  and  forage 
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output  (Wagstaff,  personal  communication). 
Because  of  the  timber  value  of  conifers, 
Wagstaff  feels  that  allowing  conifers  to  invade 
and  dominate  aspen  sites  reduces  the  present 
value  of  these  lands  without  conifers  by  over 
$100  per  acre. 


USE  OF  INTRODUCED  AND  NATIVE  SPECIES 

This  paper  emphasizes  the  use  of  both  introduced 
and  native  species  adapted  to  high  summer 
ranges.   Common  introduced  species  used  in  early 
trials  at  the  Great  Basin  Station  included 
smooth  brome,  orchardgrass ,  Kentucky  bluegrass, 
timothy,  crested  wheatgrass,  alfalfa,  and 
sweetclover  (Forsling  and  Dayton  1931) . 

All  these  species,  with  the  possible  exception 
of  crested  wheatgrass,  were  planted  in  hay 
meadows  across  the  northern  part  of  the  United 
States.   Their  seeds  were  carried  into  the 
mountains  by  early  settlers  to  raise  hay  for 
horses.   Perhaps  Kentucky  bluegrass  is  the  most 
prominent  in  this  regard,  particularly  along 
streams.   These  species  are  now  so  common  and 
widespread  that  many  people  fail  to  recognize 
them  as  introduced. 

Other  introduced  species  used  in  early  tests 
through  the  1920 's  at  the  Great  Basin  Station 
included,  among  sod-formers,  Canada  bluegrass 
and  redtop,  and,  among  bunchgrasses,  meadow 
fescue  and  tall  oatgrass.   Native  species 
included  slender  wheatgrass  and  mountain  brome, 
both  bunchgrasses  found  on  high  mountain  ranges. 
Other  native  wheatgrasses  valuable  for  additional 
testing  included  bluebunch  and  beardless  bunch- 
grasses, and  bluestem,  streambank,  and  thick- 
spike,  all  sod-formers  (Forsling  and  Dayton 
1931) .   These  species  and  many  others  were 
tested  at  different  elevations  at  the  Great 
Basin  Station  and  other  places  throughout  the 
West  over  many  years  and  are  recommended  for 
planting  (Plummer  and  others  1955,  1968). 

Plant  selection  and  breeding  have  gone  on  longer 
in  the  case  of  introduced  species  than  with 
native  species,  although  increased  effort  is 
being  given  to  natives.   Both  herbage  and  seed 
yields  from  many  introduced  species  are  superior 
to  the  yields  for  natives.   Generally  speaking, 
introduced  species  often  germinate  more  readily 
and  become  established  more  rapidly  than 
natives,  and  thus  can  form  an  early  vegetative 
cover  to  protect  the  soil  while  native  species 
are  developing.   An  exception  would  be  native 
mountain  brome,  a  short-lived  bunchgrass  that 
establishes  quickly  from  seed  on  high  mountain 
ranges.   As  discussed  earlier,  many  introduced 
species  have  wider  ecological  amplitude  than 
native  species  and  are  adapted  to  a  greater 
variety  of  sites.   In  the  opinion  of  this 
author,  natural  selection  under  heavy  animal  use 
in  the  Old  World  has  produced  some  cool-season 
grasses  that  are  more  resistant  to  grazing  than 
many  of  our  native  cool-season  grasses, 
particularly  the  wheatgrasses.   Work  by  Caldwell 
and  others  (1981)  would  tend  to  substantiate 
this  premise. 


In  addition  to  individual  plots,  various  combin- 
ations of  introduced  and  native  species  were 
used  in  larger  plantings  in  the  vicinity  of  the 
Great  Basin  Station  in  aspen  openings,  aspen 
canopy,  and  higher  subalpine  areas.   In  the 
early  1940' s  seed  of  native  mountain  brome,  a 
bunchgrass,  and  smooth  brome  were  hand  broadcast 
on  a  long,  linear  aspen  opening  that  was  totally 
devoid  of  vegetation  except  for  scattered  clumps 
of  red  elderberry.   Erosion  pavement  in  the  form 
of  small  gravel  protected  the  ground  surface 
from  further  erosion.   The  seed  was  covered  by 
use  of  a  log  harrow  plus  trampling  the  area  by  a 
herd  of  sheep.   Either  of  these  treatments  alone 
would  have  been  sufficient  to  cover  seed.   An 
excellent  stand  of  grass  resulted  with  mountain 
brome  dominating  for  about  10  years.   Some  40 
years  later,  smooth  brome  dominates  the  site. 
Mountain  brome  is  found  mostly  in  the  elderberry 
patches . 

One  of  my  early  assignments  at  the  Station  was 
to  sample  the  success  of  a  1,300-acre  (525-ha) 
seeding  in  aspen  and  oakbrush  where  seed  of  six 
introduced  grasses  and  two  legumes  had  been 
broadcast  by  airplane  a  year  earlier  (StewaTt 
and  Plummer  1947) .   Grasses  included  smooth 
brome,  orchardgrass,  timothy,  Kentucky  blue- 
grass,  tall  oatgrass,  and  crested  wheatgrass. 
The  legumes  were  alfalfa  and  yellow  blossom 
sweetclover.   Seed  was  broadcast  at  an  average 
rate  of  11  lb  per  acre  (13  kg/ha),  October  2-9, 
1945.   Sampling  involved  counting  seedlings  on 
transects  of  temporary  plots  in  September  1946 
and  again  in  September  1947.   Data  from  156 
plots,  each  10  ft2  (0.93  m2),  in  1946  showed  an 
average  of  8.9  and  7.5  grass  seedlings  per  plot 
on  two  aspen  areas  and  7.4  seedlings  per  plot  on 
an  oakbrush  site.   No  young  plants  were  found  on 
61  of  the  plots;  over  60  plants  were  found  on 
some  others. 

In  1947,  of  298  plots  sampled  only  29  showed  no 
plants.   Numbers  of  plants  had  increased  slightly 
from  the  previous  year  to  an  average  of  10.9 
plants  per  plot  in  aspen  and  9.0  plants  per  plot 
in  oakbrush.   After  36  years,  these  areas  were 
producing  vigorous  stands  of  grasses  underneath 
the  aspen  and  oak  canopies.   Tall  spindly 
seedlings  that  were  growing  in  the  shade  of 
trees  the  first  year  or  two  following  seeding 
have  developed  into  a  highly  productive  under- 
story,  with  smooth  brome  and  orchardgrass  being 
most  prominent. 

In  the  early  1950's,  the  effectiveness  of 
reseeding  plus  contour  trenching  in  the  sub- 
alpine zone  was  demonstrated  on  a  small  10-acre 
(4-ha)  experimental  watershed  (watershed  B)  at 
the  head  of  Ephraim  Canyon  (Meeuwig  1960) .   Up 
to  1946,  this  small  watershed  had  a  reasonably 
good  ground  cover  amounting  to  about  40  percent. 
Between  1948  and  1951,  this  area  was  intention- 
ally depleted  by  heavy  grazing  to  16  percent 
ground  cover,  and  it  became  a  potential  flood 
source.   During  this  period  of  depletion, 
watershed  B  produced  more  than  four  times  as 
much  runoff  and  12  times  as  much  sediment  as 
watershed  A,  which  had  been  maintained  at 
approximately  40  percent  native  ground  cover. 
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In  1952,  depleted  watershed  B  was  treated  to 
restore  vegetative  cover  and  reduce  erosion  by 
disking  and  installing  contour  furrows  on  the 
steeper  slopes.   A  mixture  of  one  native  and 
four  introduced  grasses  plus  three  legumes  was 
then  broadcast  on  the  area  at  a  rate  of  20  lb 
per  acre  (22.4  kg/ha).   Grasses  included  native 
mountain  brome,  orchardgrass,  meadow  foxtail, 
smooth  brome,  and  erect  brome.   Native  mountain 
lupine,  nomad  alfalfa,  and  chickpea  milkvetch 
comprised  the  legumes. 

The  greatest  storm  severity  of  record  to  that 
time  occurred  in  the  first  growing  season  (1953) 
following  restoration.   The  seeded  grasses  had 
not  yet  developed  a  vegetative  cover  adequate  to 
control  runoff  and  erosion,  but  the  contour 
trenches  provided  the  necessary  control.   In 
that  severe  storm  year,  watershed  B  produced 
only  one-third  as  much  surface  runoff  and 
one-tenth  as  much  sediment  as  watershed  A,  which 
was  regarded  to  be  in  good  condition.   Since 
then,  the  combination  of  vegetative  cover  and 
contour  trenches  has  effectively  eliminated 
runoff  and  erosion  from  this  area.   Although 
mountain  brome  was  most  prominent  in  early 
years,  smooth  brome,  a  sod-former,  has  developed 
as  the  most  abundant  grass  on  the  area  30  years 
following  treatment.   All  species  are  present  to 
some  degree. 

Table  1  lists  selected  native  and  introduced 
species  that  have  been  found  adapted  to  high 
summer  rangelands  (Plummer  and  others  1955, 
1968;  Hall  1974).   Many  other  species  are  also 
adapted  to  these  areas  but  have  not  been  widely 
tested.   Grasses  in  table  1  show  an  overall 
wider  adaptability  than  forbs  and  shrubs.   Their 
fibrous  root  system  is  generally  superior  for 
binding  and  holding  the  soil. 

I  have  observed  that  both  native  and  introduced 
rhizomatous  species  can  survive  hot  fires  better 
than  bunchgrasses  where  heavy  debris  from  trees 
is  burned.   Also,  it  is  well  known  that  rhizoma- 
tous species  can  provide  better  ground  cover 
than  bunchgrasses  and  hold  soil  in  place  because 
of  vegetative  spread  and  development.   Rhizoma- 
tous species  often  develop  more  slowly  than 
bunchgrasses,  but  they  can  eventually  become 
dominant. 

Most  broadleaf  forbs  in  table  1  are  native,  but 
such  introduced  legumes  as  Ladak  alfalfa,  cicer 
milkvetch,  and  alsike  clover  can  add  to  the 
productivity  and  fertility  of  soils  low  in 
nitrogen  (Laycock  1982).   These  legumes  have 
shown  outstanding  ability  to  pioneer  on  raw 
sites,  as  have  several  other  forbs  (Plummer  and 
others  1955).   In  general,  forbs  add  to  the 
nutritive  quality  of  the  forage,  particularly  in 
summer  and  early  fall  when  many  grasses  are 
approaching  seed  maturity  and  their  palatability 
is  declining.   All  forbs  listed  are  good  natural 
spreaders  from  seed. 

Along  with  forbs,  shrubs  add  to  the  diversity  of 
vegetation  and  contribute  to  the  overall  plant 
cover  on  mountain  ranges.   All  shrubs  on  the 
list  are  native  and  will  reproduce  from  seed. 


Shrubs  can  often  become  established  on  sites 
where  the  soil  is  lacking  in  fertility  adequate 
for  good  grass  growth  (Plummer  and  others  1955). 

Various  cultivars  of  many  species  shown  in  table 
1  possess  traits  superior  to  others  for  various 
sites  (Plummer  and  other  1955,  1968;  Hull  1974). 

Seeds  of  all  introduced  grasses  and  many  native 
grasses  on  the  list  are  commercially  available, 
as  they  are  for  the  most  prominent  forbs.   Seeds 
of  many  native  forbs  and  nearly  all  shrubs 
listed  have  not  long  been  commercially  available. 
In  recent  years  seed  dealers  have  collected 
moderate  amounts  for  sale,  and  they  will  collect 
upon  request.   In  fact,  collectors  will  have 
seeds  of  a  great  variety  of  native  species 
available  when  there  has  been  a  relatively  good 
seed  year. 

Prices  for  hand-collected  seeds  are  usually 
high.   Plant  materials  other  than  seeds  have 
also  become  commercially  available  and  can  often 
be  used  to  advantage  in  hastening  plant  establish- 
ment.  These  include  bareroot  stock  and  container- 
grown  tubelings.   In  addition,  cuttings  of 
certain  shrubs  and  trees  can  be  used  success- 
fully, particularly  ornamental  sage  and  some  of 
the  willows  and  poplars.   Wildings  can  be  dug  up 
and  transplanted  advantageously  on  small  disturbed 
sites. 


OTHER  CONSIDERATIONS 

In  recent  years,  the  interseeding  of  shrubs  and 
other  selected  plants  into  already  seeded  grass 
stands  to  increase  species  diversity  has  come 
into  prominence.   This  procedure  can  be  used  to 
advantage  in  aspen  openings  and  subalpine  areas 
as  well  as  on  lower  foothill  sites.   A  modified 
Sieco  fireplow  has  been  used  with  good  success 
to  clear  strips  of  vegetation  approximately  30 
inches  (0.76  m)  wide  (Monsen  1980;  Stevens  and 
others  1981).   An  alternative  to  clearing  solid 
strips  of  existing  vegetation  is  to  make  scalps 
at  intervals  and  plant  the  seeds,  bareroot 
stock,  or  container  tubelings  in  the  scalped 
spots. 

Another  implement  used  successfully  on  simulated 
mined  spoils  is  the  Hodder-gouger  seeder.   A 
hydraulic  ram  raises  and  lowers  disks  that  gouge 
small  basins,  giving  a  wafflelike  effect  to  the 
ground  surface.   Seed  tubes  broadcast  seed 
behind  the  disks  on  the  loose  soil  surface,  and 
soil  sloughing  covers  the  seeds.   It  seems 
reasonable  that  this  machine  could  be  used  in 
certain  types  of  herbaceous  vegetation  to 
eliminate  part  of  the  competition  and  plant  new 
species.   The  basins  would  help  trap  moisture 
and  thus  aid  establishment  of  new  seedlings. 
This  would  also  contribute  to  reduced  runoff  and 
erosion  by  keeping  precipitation  on  areas  where 
it  falls.   In  effect,  the  small  basins  are 
similar  to  those  made  by  an  eccentric  disk, 
except  that,  in  the  case  of  the  Hodder-gouger, 
competition  would  not  be  removed  from  spaces 
between  gouges.   This  was  designed  mainly  for 
seeding  mine  spoils  where  no  other  vegetation  is 
present. 
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Table  1. — Plants  adapted  to  high  summer  rangelands 


Common  name 


Scientific  name 


Aspen  canopy    Aspen  openings   Subalpine  Alpine 


GRASSES 


Smooth  brome* 
Orchardgrass 
Tall  oatgrass 
Kentucky  bluegrass* 
Timothy 

Intermediate  wheatgrass* 
Canada  bluegrass* 
Mountain  brome 
Slender  wheatgrass 
Meadow  brome 
Meadow  foxtail 
Reed  canarygrass* 
Scribner  wheatgrass 
Alpine  bluegrass 
Tufted  hairgrass 
Spike  trisetum 
Crested  wheatgrass 
Meadow  fescue 
Bluebunch  wheatgrass 
Beardless  bunchgrass 
Bluestem  wheatgrass 
Streambank  wheatgrass 
Thickspike  wheatgrass 
Erect  brome 


Bromus  inermis 
Dactylis  gl omerata 
Arrhenatherum  elatius 
Poa  pratensis 
Phleum  pratense 
Agropyron  intermedium 
Poa  compressa 
Bromus  carinatus 
Agropyron  trachycaulum 
Bromus  erectus 
Alopecurus  pratensis 
Phalar is  arund inncea 
Agropyron  scribneri 
Phleum  alpinum 
Deschampsia  caespitosa 
Trisetum  spicatum 
Agropyron  desertorum 
Festuca  elatior 
Agropyron  spicatum 
Agropyron  spicatum  inerme 
Agropyron  Smithii 
Agropyron  riparium 
Agropyron  dasystachyum 
Bromus  erectus 


FORBS 


Showy  goldeneye 

Mountain  lupine 

Porter  ligusticum 

Cow  parsnip 

Western  yarrow* 

Sweet  anise 

Chickpea  milkvetch 

Alsike  clover 

Ladak  alfalfa 

Blueleaf  aster 

Pacific  aster 

Horsemint 

Blue  flax 

Rocky  Mountain  penstemon 

Yellow  blossom  sweet  clover 

Chickpea  milkvetch 


Viguiera  multif lora 
Lupinus  alpestris 
Ligusticum  porteri 
Heracleum  lanatum 
Achillea  millefolium 
Osmorhiza  occidentalis 


Astragalus  cicer 

Trif olium  hybridum 

Medicago  sativa 

Aster  glaucodes 

Aster  chilensis  adscendens 

Agastache  urticif olia 

Linum  lewisii 

Penstemon  strictus 


Melilotus  officinalis 
Astragalus  cicer 


SHRUBS  AND  TREE 


Mountain  snowberry* 
Blue  elderberry 
Shrubby  cinquefoil 
Oregon  grape* 
Common  juniper 
Red  elderberry 
Lanceleaf  rabbitbrush 
Rothrock  sagebrush 
Gooseberry  currant 
Aspen 


Symphoricarpos  oreophilus 
Sambucus  coerulea 
Potentilla  fruticosa 
Mahonia  repens 
Juniperus  communis 
Sambucus  racemosa 
Chrysothamnus  nauseosus 
Artemisia  rothrockii 
Ribes  montigenum 
Populus  tremuloides 


*  Rhizomatous  species. 
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A  large  front-end  bucket  14  ft  (4.27  m)  long  and 
9  ft  (2.74  m)  deep,  known  as  the  front-end 
sodder,  is  another  new  implement  that  can  be 
used  to  move  pads  of  vegetation  to  new  areas. 
It  has  been  used  on  mine  reclamation  projects  to 
move  pads  of  small  aspen  trees  to  sites  being 
reclaimed.   We  have  used  it  to  move  pinyon  and 
juniper  trees  onto  simulated  mine  spoils  in  the 
Emery  coal  field  in  central  Utah.   We  found  that 
scooping  out  a  pocket  for  the  tree  or  pad  of 
vegetation  gave  better  results  than  merely 
dumping  the  tree-pad  on  the  surface.   The  soil 
scooped  from  the  basin  was  then  placed  in  the 
hole  from  which  the  previous  tree-pad  of  vegeta- 
tion was  removed.   In  the  case  of  aspen  trees, 
exchanging  pads  of  vegetation  might  not  apply 
where  contiguous  scoops  are  used  to  remove 
trees. 


CONCLUSIONS  AND  RECOMMENDATIONS 

Both  introduced  and  native  species  are  adapted 
and  should  be  used  for  seeding  high-  mountain 
ranges. 

Grasses  should  form  the  basic  element  in  all 
seed  mixtures  because  of  their  fibrous  root 
system  and  superior  soil-binding  qualities. 


Contour  trenching  with  a  dozer  and  disk-plowing 
between  trenches  followed  by  seeding  where  the 
slope  is  less  than  20  percent  can  restore  badly 
eroded  ranges.   Where  the  slope  is  over  20 
percent,  disking  between  contour  trenches  is  not 
recommended.   On  steep  watershed  areas  where 
gullies  exist,  merely  removing  livestock  grazing 
will  not  accomplish  the  needed  results. 

Interseeding  and  scalping  can  be  used  to  remove 
competition  to  introduce  shrubs  or  other 
selected  plants  into  grassland  and  herbaceous 
areas  where  ground  cover  is  otherwise  good. 

With  the  advent  of  reclaiming  mine  spoils,  new 
equipment  such  as  the  Hodder-gouger  seeder  and 
front-end  sodder  have  been  developed.   These  can 
be  used  effectively  in  certain  kinds  of  seeding 
operations  in  aspen  openings  and  subalpine 
areas. 

Where  the  terrain  is  reasonably  flat,  drilling 
of  seed  is  recommended.   However,  broadcasting 
seed  on  newly  treated  areas  in  the  fall  can 
produce  highly  successful  herbaceous  stands 
because  sloughing  of  loose  soil  over  winter 
covers  the  seed.   If  seed  is  drilled,  10  to  12 
lb  per  acre  (11.2  to  13.4  kg/ha)  is  recommended 
in  the  higher  mountain  lands. 


For  superior  ground  cover  and  stabilizing  raw 
sites,  it  is  wise  to  include  at  least  one 
rhizomatous  grass  such  as  smooth  brome  or 
intermediate  wheatgrass  in  mixtures. 

Alfalfa,  chickpea  milkvetch,  alsike  clover,  and 
mountain  lupine  are  superior  legumes  for  seeding 
on  raw  sites  as  well  as  components  for  general 
seed  mixtures. 

Adapted  forbs  and  shrubs  can  add  to  the  diver- 
sity of  vegetation  and  increase  overall  vegeta- 
tive cover  and  forage  production. 

Merely  broadcasting  seeds  before,  during,  or 
immediately  following  leaf  fall  in  aspen  and 
oakbrush  areas  can  produce  successful  grass 
stands  with  no  further  covering  of  seed. 

In  the  absence  of  deciduous  leaves  to  cover 
seeds,  as  in  most  large  aspen  openings  and 
subalpine  sites,  more  intensive  treatment  is 
required  to  remove  competition  and  prepare  a 
seedbed.   Plowing  or  disking  can  remove  nearly 
all  competition  from  herbaceous  species  on  such 
areas.   A  field  cultivator  with  duckfoot  sweeps 
can  remove  50  to  90  percent  of  the  competition, 
depending  upon  species  present.   With  the  latter 
implement,  twice-over  is  far  more  effective  than 
once-over. 

Conifers  invading  the  aspen  community  pose  a 
serious  threat  to  forage  productivity  and 
species  diversity.   Tree  encroachment  could  be 
controlled  through  greater  cutting  of  Christmas 
trees  and  other  means. 


Trampling  by  livestock  can  help  cover  seed, 
particularly  when  seed  is  broadcast  on  burned 
areas. 

Plant  materials  other  than  seeds  have  become 
commercially  available  and  can  often  be  used  to 
advantage  in  hastening  plant  establishment. 
These  include  bareroot  stock  and  container-grown 
tubelings.   In  addition,  cuttings  of  certain 
shrubs  and  trees  can  be  used  successfully. 
Wildings  can  be  dug  up  and  transplanted  advanta- 
geously on  small  disturbed  sites. 

All  newly  seeded  areas  should  be  protected  from 
animal  damage.   This  often  requires  fencing  or 
removal  of  livestock  for  2  years.   Aspen  openings 
and  subalpine  areas  can  usually  be  grazed 
lightly  in  the  fall  of  the  second  growing 
season.   In  dense  shade  of  aspen,  plants  often 
take  longer  to  become  firmly  established;  where 
such  exist,  protection  from  grazing  longer  than 
2  years  might  be  required. 
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PROMISING  NEW  GRASSES  FOR  RANGE  SEEDINGS 
K.  H.  ASAY 


ABSTRACT:  New  cultivars  of  range  grasses  have 
recently  been  released  by  public  agencies  in  the 
United  States  and  Canada  and  other  promising 
strains  soon  will  be  available.  Some  advanced 
generation  strains  derived  through  interspecific 
hybridization  have  shown  promise.  Two  hybrid 
germplasms  have  been  released  and  other  strains 
are  being  evaluated  for  possible  release. 


INTRODUCTION 

The  improvement  of  range  grasses  through 
breeding  has  received  comparatively  little 
emphasis.  In  the  past,  many  range  reseedings 
were  done  with  unimproved  strains  or  varieties 
originally  developed  for  the  Great  Plains. 
Breeders  working  to  develop  better  germplasm 
have  had  a  limited  amount  of  genetic  variability 
to  select  from.  This  problem  has  been  espe- 
cially serious  for  introduced  grass  species. 
Many  cultivars  of  introduced  grasses  were 
derived  from  a  single  introduction. 
Recognizing  the  need  for  better  cultivars  of 
range  grasses,  researchers  in  the  United  States 
and  Canada  have  accelerated  plant  introduction 
and  breeding  efforts.  This  paper  discusses  some 
of  the  new  and  potentially  valuable  grass  germ- 
plasm  generated  by  these  programs. 


RUSSIAN  WILDRYE  Psathyrostachys  juncea 

Once  established,  Russian  wildrye  provides  an 
excellent  source  of  herbage  on  arid  and  semiarid 
range.  The  species  produces  abundant  early- 
season  forage,  is  resistant  to  cold  and  drought, 
and  has  excellent  forage  quality.  It  retains 
its  nutritive  value  during  the  late  summer  and 
fall  better  than  many  other  range  grasses,  such 
as  crested  wheatgrass.  However,  some  serious 
limitations  have  prevented  Russian  wildrye  from 
reaching  its  full  potential  on  Western  range. 
The  species  has  relatively  poor  seedling  vigor 
and  is  difficult  to  establish  on  range  sites. 
Stand  failures  are  often  due  to  the  inability  of 
seedlings  to  emerge  from  excessive  planting 
depths.  Also,  commercial  production  of  Russian 
wildrye  seed  is  severely  hindered  by  seed 
shattering  problems  soon  after  maturity  (Rogler 
and  Schaaf  1963;  Smoliak  and  Johnston  1980b). 


K'.  H.  Asay  is  a  Research  Geneticist  for  the 
U.S.  Department  of  Agriculture,  Agricultural 
Research  Service,  Utah  State  University, 
Logan,  Utah. 


A  breeding  program  was  initiated  in  1976  by  the 
USDA  Agricultural  Research  Service  (USDA-ARS)  in 
cooperation  with  Utah  State  University  to 
develop  improved  cultivars  of  Russian  wildrye. 
Seedling  vigor  under  drought  stress  and  explora- 
tion to  expand  the  available  genetic  base  have 
been  the  project's  major  concern.  The  most  pro- 
mising source  of  germplasm  in  this  breeding  pro- 
gram was  derived  from  a  recently  introduced 
strain  from  the  U.S.S.R.  called  'Bozoisky'. 
Parental  clones  developed  from  this  and  other 
populations  have  been  included  in  crossing  pro- 
grams to  develop  three  experimental  synthetic 
cultivars.  These  plant  materials  are  being 
evaluated  on  several  range  sites  and  a  cultivar 
release  is  expected  in  1983  or  1984. 

Two  cultivars  of  Russian  wildrye  recently 
released  from  breeding  programs  in  Canada  are: 

'Swift' 

'Swift'  was  released  in  1978  by  Agriculture 
Canada  at  Swift  Current,  Saskatchewan.  The 
parental  materials  were  selected  for  improved 
seedling  vigor  primarily  on  the  basis  of  seed- 
ling emergence  from  deep  seedings.  The  cultivar 
has  displayed  excellent  establishment  character- 
istics in  Canadian  field  trials  (Lawrence 
1979). 

'Cabree' 

This  cultivar  was  developed  at  the  Agriculture 
Canada  Research  Station  at  Lethbridge,  Alberta. 
Selection  was  based  primarily  on  seed  retention 
(resistance  to  shattering),  seedling  vigor, 
forage  yield,  seed  yield,  and  culm  strength.  In 
Canadian  field  tests,  'Cabree'  shattered  less 
seed  than  other  cultivars,  including  'Vinall' 
and  'Sawki'  (Smoliak  1976). 


ALTAI  WILDRYE  Leymus  angustus 

Altai,  an  introduction  from  the  U.S.S.R.,  is  a 
long-lived  perennial  that  is  beginning  to  gain 
acceptance  in  Western  Canada  and  the  United 
States.  The  species  is  larger  and  somewhat 
coarser  than  Russian  wildrye.  Also,  the  seed  is 
larger  and  seedlings  can  emerge  from  relatively 
deep  seedings  better  than  Russian  wildrye.  The 
species  cures  exceptionally  well  and  retains  its 
nutritional  value  throughout  the  season  better 
than  most  cool -season  grasses.  Because  of  these 
qualities  and  its  erect  culms  that  protrude 
through  the  snow,  Altai  has  been  proposed  for 
extending  the  grazing  season  during  the  late 
fall  and  winter.  The  grass  is  reportedly  well 
adapted  to  the  loam  and  clay  soils  of  the 
prairies  of  Manitoba,  Saskatchewan,  and  Alberta 
(Lawrence  1976). 
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Altai  has  been  noted  for  its  extensive  root 
system  that  can  reach  soil  depths  of  over  10  ft 
(3  m)  (Lawrence  1976;  Lawrence  and  Lodge  1975). 
Early  tests  suggest  that  the  salinity  tolerance 
of  Altai  approaches  that  of  tall  wheatgrass 
(McElgunn  and  Lawrence  1973).  The  USDA-ARS  at 
Logan  has  crossed  Altai  with  related  species, 
basin  wildrye  L_.  cinereus  and  mammoth  wildrye  L_. 
giganteus.  Research  has  been  initiated  to 
develop  fertile  and  genetically  stable 
populations  from  these  hybrids.  One  new 
culti var  of  Altai  wildrye  has  been  released: 

'Prairieland' 

This  culti var  was  recently  developed  and 
released  by  the  Agriculture  Canada  Research 
Station  at  Swift  Current,  Saskatchewan,  and  seed 
is  now  becoming  generally  available. 
'Prairieland'  was  selected  from  two  U.S.S.R. 
introductions  on  the  basis  of  high  seed  and 
forage  yield,  freedom  from  leaf  spot,  and  good 
seed  quality  (Lawrence  1976). 


CRESTED  WHEATGRASS  Agropyron  cristatum  A. 
desertorum  AND  A_.  fragile 

This  complex,  which  consists  of  a  series  of 
diploid,  tetraploid,  and  hexaploid  species,  has 
been  the  most  widely  used  grass  in  revegetation 
programs  on  Western  range.  An  estimated  8 
million  acres  (3.2  million  ha)  have  been 
established  with  crested  wheatgrass  in  the 
United  States  (Newell  1955)  and  over  2  million 
acres  (1  million  ha)  in  Canada  (Lodge  and  others 
1972).  Although  the  quality  of  crested 
wheatgrass  forage  declines  rapidly  during  the 
summer  months,  it  is  still  one  of  our  best 
sources  of  early  spring  forage  on  semiarid 
range.  Most  of  the  research  with  this  species 
complex  in  the  United  States  is  concerned  with 
the  tetraploids,  Agropyron  desertorum  (Standard) 
and  A.  fragile  (Siberian),  and  the  diploid,  A. 
cristatum  (Tai rway '  ) . 

The  tetraploid  culti vars  'Nordan'  and  'Summit' 
and  the  diploid  cultivar  'Fairway'  have  been  in 
common  usage  for  several  years.  'Fairway'  is 
considered  to  be  leafier  than  'Nordan'  or 
'Summit,'  but  it  is  not  as  drought  hardy  as 
Standard  (Knowles  and  Buglass  1971). 

The  USDA-ARS  at  Logan  has  developed  three  new 
synthetic  strains  of  crested  wheatgrass  derived 
from  Standard,  induced  tetraploid  'Fairway,'  and 
the  induced  tetraploid  'Fairway'  X  Standard 
hybrid.  These  experimental  cultivars  are  being 
evaluated  on  range  sites  and  a  release  is 
expected  in  1984.  The  crested  wheatgrass  hybrid 
has  shown  particular  promise.  It  has  excellent 
vegetative  vigor  relative  to  the  parental 
species  in  both  the  seedling  and  mature  plant 
stages.  Three  relatively  new  cultivars  of 
crested  wheatgrass  are: 


'Ruff 

This   is  a  diploid  cultivar  developed  coopera- 
tively by  the  USDA-ARS   and  the  Nebraska 
Agricultural   Experiment  Station.     The  parental 
germplasm  was  derived  from   'Fairway'    and  was 
originally  designated  as  Nebraska  3576.     Ruff 
has  a  spreading,   broad-bunch  growth   habit  and 
the  culms  are  comparatively   leafy   and   short.     It 
has  been   recommended  for  grazing  during  the 
early  spring  in  the  low  precipitation  zones   of 
the  Great  Plains,    and  for  areas   such  as   road- 
sides,  parks,   and  playgrounds   in  the  drier  semi- 
arid  regions   (USDA  Extension  Service  1978). 

'Ephraim' 

This  crested  wheatgrass   cultivar  was  jointly 
released   in   1983  by   the  USDA-Forest  Service, 
Utah  State  Division  of  Wildlife  Resources, 
USDA-Soil   Conservation  Service   (USDA-SCS),   and 
the  Agricultural   Experiment  Stations  of  Utah, 
Arizona,   and  Idaho.     The  original    parental    plant 
materials  were  collected  near  Ankara,   Turkey. 
It  is  a  persistent  sod-forming  cultivar  that  is 
adapted  to  the  arid  ranges  of  the  Intermountain 
West.     Extent  of  rhizome  development  is   influ- 
enced by  environmental    conditions.     On  most 
pinyon-juniper  and  sagebrush-grass   sites,   rhi- 
zomes are  reported  to  develop  by   the   second  or 
third  year.     Although   annual    biomass  production 
of   'Ephraim'    appears  to  be  similar  to   'Fairway,' 
its  culm  length  is   slightly   shorter.     Wolf 
plants,   which  commonly  occur  in   stands  of 
'Fairway'    and  Standard,   have   not  been  observed 
in   'Ephraim'    (Stevens  and  others!/). 

'P-27' 

A  strain  of  the  Siberian  type,  'P-27'  was 
developed  by  the  USDA-SCS  and  released  coopera- 
tively with  the  Idaho  Agricultural  Experiment 
Station  in  1953.  The  original  collections  were 
made  in  Kazakhstan,  U.S.S.R.  In  general, 
Siberian  wheatgrass  is  similar  to  Standard  in 
appearance,  but  the  leaves  are   more  lax  and 
narrow.  The  grass  is  reportedly  adapted  to 
sandy  soils  (Andreev  1974)  and  has  greater  frost 
tolerance  than  Standard  (Hanson  1972). 


INTERMEDIATE  WHEATGRASS  Elytrigia  intermedia 

This  productive,  versatile  grass  was  introduced 
into  North  America  from  southern  U.S.S.R.  and 
central  Asia.  It  is  more  productive,  but  some- 
what less  drought  resistant  than  crested  wheat- 
grass.  Because  of  its  large  seeds  and  rela- 
tively vigorous  seedlings,  the  species  is 


1/stevens,  R.;  Monsen,  S.  B.;  Shaw,  N.; 
McArthur,  E.  D.;  James,  G.;  Davis,  G.; 
Jorgensen,  K.  R. ;  Davis,  J.  N.  Notice  of  naming 
and  release  of  'Ephraim'  crested  wheatgrass; 
1983. 
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considered  one  of  the  easiest  range  grasses  to 
establish  within  the  limits  of  its  adaptation. 
It  matures  from  1  to  2   weeks  later  and  is  more 
productive  during  the  summer  period  than  crested 
wheatgrass.  It  has  been  used  successfully  in 
mixtures  with  alfalfa  under  dryland  and 
irrigated  conditions  (Asay  and  Knowles?-/; 
Rogler  1973). 

Several  cultivars  of  intermediate  wheatgrass  and 
its  subspecies,  pubescent  wheatgrass  (subsp. 
trichophora),  have  been  released.   'Greenar,' 
'Oahe,'  'Slate,'  'Tegmar,'  'Amur,'  'Chief,' 
'Topar,'  'Luna,'  and  'Greenleaf  were  all 
released  prior  to  1970.  One  cultivar  has  been 
released  since  then: 

'Clarke' 

This  is  a  new  cultivar  of  intermediate 
wheatgrass  released  in  1980  by  the  Agriculture 
Canada  Research  Station  at  Swift  Current, 
Saskatchewan.   'Clarke'  has  no  visual  characters 
that  distinguishes  it  from  other  cultivars  of 
intermediate  wheatgrass.  However,  it  is 
described  as  a  cultivar  with  good  drought 
resistance,  winterhardiness,  and  high  seed 
yield.  During  its  development,  improved  vigor 
during  establishment,  disease  resistance,  and 
forage  yield  were  also  stressed.  In  Canadian 
trials,  dry  matter  yields  of  'Clarke'  were  equal 
to  or  higher  than  'Chief  or  'Greenleaf.' 
'Clarke'  yielded  substantially  more  seed  than 
either  of  these  cultivars  (Lawrence  1981). 


WESTERN  WHEATGRASS  Pascopyrum  smithii 

Western  wheatgrass  is  a  widely  adapted 
cool-season  species  that  is  native  to  North 
America.  It  is  resistant  to  environmental 
stress,  has  a  rhizomatous  growth  habit,  and  is 
adapted  to  heavy,  alkaline  soil  (Beetle  1955; 
Rogler  1973).  The  species  is  particularly  well 
suited  for  reclamation  of  disturbed  sites  and 
soil  stabilization.  In  trials  conducted  in 
Wyoming  and  Montana,  Western  wheatgrass  was  one 
of  the  most  promising  of  174  grass,  forb,  and 
shrub  species  tested  for  reclaiming  saline  seeps 
and  other  problem  sites  (Scheetz  and  others 
1981).  In  Nebraska,  the  grass  has  recently 
demonstrated  the  potential  for  controlling  wind 
erosion  in  sand  blowouts  (Malakouti  and  others 
1978). 

The  cultivars  'Barton,'  'Rosana,'  'Arriba,'  and 
'Flintlock'  were  released  in  the  1970s  and 
helped  alleviate  seed  shortage  problems.  Two 
new  cultviars  released  in  1983  are: 


'Rodan' 

This  cultivar  was  cooperatively   released   in  1983 
by  the  USDA-ARS  Northern  Great  Plains  Research 
Center  at  Mandan,   North  Dakota,    the  USDA-SCS, 
and   the  North  Dakota  Agricultural   Experiment 
Station.     The  parental    germplasm  was   obtained 
from  collections  made  in  North  Dakota.     Selec- 
tion was  based  primarily  on  vegetative  vigor, 
forage  quality,   and  rust  reistance.      It  was 
originally  tested  as  Mandan  456  and   is  con- 
sidered to  be  an  upland  drought  resistant  type 
(Barker,   R.   E.,   Unpublished). 

'Walsh' 

This  20-clone  synthetic  cultivar  was  developed 
by  the  Agriculture  Canada  Research  Station  at 
Lethbridge,   Alberta,   and  was   released   in  1983. 
It  is  apparently   adapted  to  heavy  clay  soils  and 
is   tolerant  of  drought  and  salinity.     Parental 
germplasm  was   selected  on  the  basis  of  high 
forage  and  seed  yield,   aggressive  rhizomes,   and 
resistance  to  diseases.      'Walsh'    is  the   first 
Western  wheatgrass  cultivar  to  be  released   in 
Canada   (Smoliak   and  Johnston^/). 


BLUEBUNCH  WHEATGRASS  Elytrigia  spicata 

Bluebunch  wheatgrass,  a  cool-season,  perennial 
bunchgrass,  has  long  been  considered  one  of  the 
most  valuable  native  grasses  in  the  Intermoun- 
tain  region  and  Pacific  Northwest.  It  is 
closely  related  to  beardless  wheatgrass. 
Dewey^-/  includes  both  grasses  in  Et. 
spicata.  Bluebunch  wheatgrass  has  excellent 
forage  quality  and  often  is  preferentially 
grazed  over  other  species  in  mixed  stands. 
Because  stands  of  this  species  are  often 
depleted  under  heavy  or  untimely  grazing,  proper 
management  is  especially  critical  to  maintain 
productive  stands  (Asay  and  Knowles^/; 
Hafenrichter  and  others  1968). 

The  cultivar  'Whitmar,'  a  beardless  form 
released  in  1946  has  been  widely  used  in  revege- 
tation  programs  (Wolfe  and  Morrison  1957).  One 
new  cultivar  has  been  reported: 

'Secar' 

This  cultivar  was   recently  released  by  the 
USDA-SCS   in  cooperation  with   the  Agricultural 
Experiment  Stations  of  Washington,  Oregon, 
Idaho,   Montana,   and  Wyoming.     The  original    germ- 
plasm was  obtained   from  native  stands  near 
Lewiston,    Idaho.     The  name   'Secar',   which  in 
Spanish  means  dry,   was  chosen  to  reflect  the 


^Asay,  K.   H.;   Knowles,   R.   P.     Ch.   18. 
In:    Barnes,   R.   G.;   Metcalfe,   D.   S.;   Heath,  M. 
E.,   eds.   Forages  -  the  science  of  grassland 
agriculture.     4th  Edition.     The  Iowa  State 
University  Press,  Ames.    In  Press. 


^.'Smoliak,   S.;   Johnston,   A.   Walsh  western 
wheatgrass.   Can.   J.   Plant  Sci.:    In  Press;   1983. 

.i/Dewey,   D.   R.     Historical    and  current 
taxonomic  perspectives  of  Agropyron,   Elymus,   and 
related  genera.   Crop  Sci.   23:    In  Press;   1983. 
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drought  resistance  of  the  cultivar.  It  is  a 
densely  tufted  bunchgrass,  with  abundant,  narrow 
leaves,  fine  stems,  relatively  small  seeds,  and 
divergent  awns.  It  is  adapted  to  the  lower 
elevations  of  the  Pacific  Northwest  and  is 
reportedly  persistent  under  adverse  conditions. 
'Secar'  has  been  superior  to  'Whitmar'  in  nearly 
all  trials  conducted  in  areas  receiving  less 
than  14  in  (350  mm)  of  annual  precipitation 
(Morrison  and  Kelley  1981 ). 


THICKSPIKE  WHEATGRASS  Elymus  lanceolatus 

This  sod-forming  grass,  which  is  native  to  North 
America,  has  been  widely  used  for  soil  stabili- 
zation on  disturbed  range  sites  and  other  dry 
areas  subject  to  erosion.  When  used  for 
grazing,  it  provides  a  valuable  source  of  forage 
during  the  summer  when  grasses  such  as  crested 
wheatgrass  are  past  their  productive  and  nutri- 
tional peaks.  Although  it  is  morphologically 
similar  to  Western  wheatgrass,  thickspike  wheat- 
grass  is  more  drought  resistant  and  less  produc- 
tive. It  is  so  similar  to  streambank  wheat- 
grass,  both  genetically  and  morphologically, 
that  Deweyi/  classified  them  as  the  same 
species.  Dewey  considered  streambank  wheatgrass 
to  be  the  glabrous  form  of  thickspike  wheat- 
grass. 

'Sodar'  streambank  wheatgrass  and  'Critana' 
thickspike  wheatgrass  were  released  in  1954  and 
1971,  respectively.  Both  have  been  widely  used 
as  special-purpose  grasses  for  stabilizing  dis- 
turbed and  eroded  range  sites  (Stroh  and  others 
1972;  Douglas  and  Ensign  1954).  One  new 
cul tivar  is  available: 

'Elbee' 

This  cultivar  of  thickspike  wheatgrass  was 
developed  by  the  Agriculture  Canada  Research 
Station  at  Lethbridge,  Alberta.  It  was  the 
first  cultivar  of  thickspike  wheatgrass  (called 
northern  wheatgrass  in  Canada)  to  be  released  in 
that  country.  The  cultivar  is  noted  for  its 
excellent  seed  germination,  and  vigorous 
seedlings,  resistance  to  drought,  moderate 
rhizome  development,  and  early  spring  growth, 
the  original  collections,  from  which  the  culti- 
var was  derived,  were  made  from  the  plains 
regions  of  Alberta  and  Saskatchewan  (Smoliak  and 
Johnston  1980a). 


INTERSPECIFIC  HYBRIDS 

Over  250  different  interspecific  and  inter- 
generic  hybrid  combinations  have  been  developed 
by  the  USDA-ARS  Cytogenetics  Program  at  Logan. 
Many  of  these  have  limited  agronomic  merit  and 
most  are  highly  sterile.  However,  colchicine 
treatment  and  selection  have  yielded  some  pro- 
mising breeding  populations. 


These  include:  quackgrass  (Elytrigia  repens)  X 
bluebunch  wheatgrass,  quackgrass  X  Standard 
crested  wheatgrass,  quackgrass  X  induced  tetra- 
ploid  'Fairway'  crested  wheatgrass,  bluebunch 
wheatgrass  X  thickspike  wheatgrass,  Altai 
wildrye  X  basin  wildrye  and  mammoth  wildrye,  and 
Elytrigia  acuta  X  intermediate  wheatgrass. 

The  best  of  these  appears  to  be  the  quackgrass  X 
bluebunch  wheatgrass  hybrid  (RS  hybrid).  The 
initial  cross  was  made  by  D.  R.  Dewey  in  1962. 
The  F-)  qeneration  produced  very  little  seed, 
had  poor  vegetative  vigor,  and  chlorophyll 
defective  plants  were  prevalent.  After  eight 
cycles  of  selection,  a  breeding  population  with 
characteristics  of  both  parental  species  has 
been  obtained.  The  chromosome  number  has  stabi- 
lized at  2n=42  and  the  hybrid  is  as  fertile  as 
either  of  the  parental  species.  It  is  best 
adapted  to  the  12-18  in  (300-450  mm)  precipita- 
tion zone  and  in  preliminary  trials,  has  shown  a 
surprising  tolerance  to  saline  conditions.  The 
hybrid  has  responded  particularly  well  to 
repeated  clipping  or  grazing  and  has  displayed 
exceptional  palatability  in  animal  grazing 
trials.  Degree  of  vegetative  spread  (rhizome 
development)  is  under  genetic  control  and  can  be 
successfully  altered  through  selection.  Rhizome 
development  ranges  from  essentially  bunch-type 
to  a  moderate  degree  of  vegetative  spread  in  the 
breeding  population. 


A  major  objective  of  the 
to  eliminate  undesirable 
that  appear  in  each  gener 
designated  'RS-T  and  'RS 
other  plant  breeders  and 
1980  (Asay  and  Dewey  1981 
blocks  consisting  of  sele 
generation  after  the  init 
lished  in  1982.  Breeders 
cultivar  release  will  be 
nurseries  in  1983. 


breeding  program  now  is 
segregates  (off-types) 
ation.  Two  germplasms, 

2, '  were  released  to 
plant  scientists  in 
).  Seed-increase 
cted  Fg  lines  (9th 
ial  cross)  were  estab- 

seed  for  a  possible 
produced  from  these 


The  quackgrass  X  Standard  crested  wheatgrass 
hybrid  has  also  demonstrated  sufficient  poten- 
tial to  merit  continued  breeding  work.  This 
hybrid  is  not  as  genetically  stable  as  the  RS 
populations  and  sterility  problems  are  still 
evident.  However,  trends  indicate  that  con- 
tinued selection  will  yield  a  fertile  new 
species.  A  major  goal  is  to  develop  strains 
that  retain  their  forage  quality  longer  during 
the  summer  months  than  presently  available 
crested  wheatgrass  cultivars.  Selection  for  the 
drought  resistance  of  the  crested  wheatgrass 
parent  and  a  moderate  degree  of  rhizome  develop- 
ment will  also  be  emphasized. 

Although  the  F-|  qeneration  of  the  quackgrass  X 
'Fairway'  crested  wheatgrass  hybrid  is  highly 
sterile,  it  may  prove  valuable  for  soil  stabili- 
zation on  problem  sites  such  as  mine  spoils, 
roadsides,  or  rough-turf  applications.  Because 
it  does  not  produce  seed,  vegetative  propagation 
would  be  necessary.  However,  limited  results 
from  evaluation  trials  indicate  that  the  hybrid 
lends  itself  well  to  this  method  of  establish- 
ment on  a  limited  acreage  basis. 
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The  bluebunch  wheatgrass  X  thickspike  and 
Elytrigia  acuta  X  intermediate  wheatgrass 
hybrids  have  performed  well  on  range  sites 
disturbed  by  surface  mining  operations. 
Although  these  populations  are  responding 
favorably  to  selection,  it  appears  that 
additional  breeding  will  be  needed  to  achieve 
the  seed  fertility  and  genetic  stability 
necessary  for  cultivar  release. 
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LEGUMES  --  THEIR  USE  IN  WILDLAND  PLANTINGS 
M.  D.  Rumbauqh 


ABSTRACT:  The  inclusion  of  adapted  lequmes  in 
wildland  plantings  has  many  benefits.   Improved 
foraqe  yield,  quality,  and  seasonal  distribution 
result  in  increased  carrying  capacity  for 
livestock  and  game  animals.  Five  primary 
criteria  for  selection  of  species  to  be  used  in 
wildlands  are   (1)  availability  of  plants  or 
seeds,  and  inoculum,  (2)  ease  of  establishment, 
(3)  foraqe  quality,  (4)  compatibility  with 
associated  species,  and  (5)  persistence. 
Secondary  criteria  include  (6)  nitroqen  fixation 
activity,  (7)  lateral  spread  by  stolons, 
rhizomes,  or  roots,  (8)  seasonal  distribution  of 
foraae,  and  (9)  suitability  for  soil 
conservation,  stabilization,  or  reclamation. 
Alfalfa  (Medicago  sativa  and  _M.  falcata)  and 
biennial  sweetclover  (Melilotus  alba  and  M. 
officinalis)  have  been  used  in  wildland 
plantinqs  more  often  than  other  lequmes.  Many 
other  species  should  be  considered  for  certain 
sites  and  uses. 


scientists  with  slight  consideration  of  the 
practical  question  of  whether  or  not  seed  can  be 
purchased.  (2)  The  ease  of  establishment  and 
(3)  compatibility  with  other  species  are  very 
important  factors.  Some  legumes  are   inherently 
easier  to  establish  than  others  because  the 
seedlings  are   more  vigorous  and  competitive  than 
the  seedlings  of  less  well  adapted  species.  (4) 
Quality  of  foraqe  is  a  major  concern  since  some 
species  cause  bloat,  some  contain  toxic 
alkaloids  or  nitro  compounds,  and  some  are 
accumulators  of  selenium.   (5)  Persistence  of 
perennials  or  the  ability  of  annuals  and 
biennials  to  reseed  often  is  more  important  than 
the  quantity  of  forage  produced.  Plant  charac- 
teristics to  be  considered  but  of  lesser  conse- 
quence are   the  nitroqen  fixation  activity; 
lateral  spread  by  rhizomes,  stolons,  or  roots; 
the  seasonal  distribution  of  foraqe;  and  suit- 
ability for  soil  conservation,  stabilization,  or 
reel amation. 


VARIATION  AND  ADAPTATION  OF  LEGUMES 

The  lequme  family  (Leguminosae)  contains  more 
species  than  any  other  plant  family  except  for 
the  qrasses  (Gramineae)  and  the  orchids 
(Orchidaceae) .  There  are  at  least  500  qenera  of 
legumes  with  approximately  15,000  species 
distributed  world-wide.  Certain  genera,  such  as 
Astragalus,  contain  numerous  and  extremely 
diverse  species.  There  are  849  species  of  that 
qenus  native  to  the  Soviet  Union  (Borisova  and 
others  1946),  nearly  550  in  North  America 
(Hermann  1966),  and  174  in  Utah  (USDA  Soil 
Conservation  Service  1978).  Morpholoqical 
variation  within  the  Leguminosae  ranqes  from 
large  perennial  trees  (e.g.  Gleditsia 
triacanthus  -  Honeylocust)  to  shrubs  (e.g. 
Prosopis  glandulosa  -  mesquite)  and  annual  herbs 
(e.g.  Crotolaria  spectabilis  -  rattlebox). 
Adaptation  varies  from  tropical  junqles  to 
deserts  and  arctic  mountains.  Only  the  qrasses 
exceed  legumes  in  economic  importance  and  there 
is  no  shortage  of  genetic  diversity  within  the 
Leguminosae.  Suitable  species  exist  for  all 
types  of  wildland  plantings. 

The  criteria  for  selecting  legumes  for  inclusion 
in  wildland  plantings  are  few  and  simple.  Five 
are   of  primary  concern.   (1)  Availability  of 
seeds  or  plants  and  of  the  Rhizobium  inoculum  is 
the  first  problem  usually  encountered.  Often 
cultivars  or  species  are  recommended  for  use  by 


M.  D.  Rumbaugh  is  Research  Geneticist  at  the 
Crops  Research  Laboratory,  USDA  Agricultural 
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NITROGEN  FIXATION 

Although  the  nitrogen  fixation  activity  of 
legumes  is  of  less  importance  than  some  other 
attributes,  it  is  a  unique  process  and  will  be 
considered  prior  to  discussinq  individual 
species.  Many  plants  other  than  legumes  possess 
mechanisms  for  nitrogen  fixation  but  the  Quan- 
tity of  nitroqen  fixed  is  much  less  than  that 
fixed  by  the  lequme  host-Rhizobium  symbiotic 
mechanism. 

Inadequate  supplies  of  plant-available  nitroqen 
frequently  limit  forage  production  on  western 
ranqelands.  Nitrogen  deficiency  has  been  esti- 
mated to  reduce  plant  qrowth  on  178  million 
acres  (72  million  hectares)  of  ranqeland  in  the 
Northern  Great  Plains  alone  (Wight  1976). 
Nitroqen  fertilization  increased  herbage  yields 
32  to  114  percent  in  average  or  near-average 
precipitation  years  and  218  percent  during 
above-average  precipitation  years  when  evaluated 
over  a  10-year  period.  These  yield  increases 
occurred  without  major  species  compositional 
changes  in  the  native  vegetation  (Wight  and 
Black  1979).   Increased  yields  and  better 
herbage  quality  resulted  from  nitrogen  fertili- 
zation of  more  arid  rangelands  in  the  Great 
Basin  even  in  a  year  when  soil  moisture  was 
exceptionally  low  (James  and  Jurinak  1978). 
However,  application  of  fertilizer  to  rangelands 
is  expensive.  Once  established,  an  adapted 
legume  species  under  proper  management  can  con- 
tinue to  add  fixed  atmospheric  nitrogen  to  the 
range  site  on  a  sustained  basis  without  the 
recurring  cost  of  annual  fertilization. 
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Native  legumes  often  are  active  nitrogen  fixing 
species  when  present  on  rangelands.  In  a  study 
of  central  North  American  grasslands,  native 
species  of  Amorpha,  Cassia,  Lespedeza,  Psoralea, 
and  Schrankia  actively  fixed  atmospheric  nitro- 
gen TBeckirTnd  Crockett  1976).  Species  which 
occupied  niches  in  pioneer  through  late  serai 
stages  of  succession  had  a  greater  nitrogen- 
fixing  capacity  than  species  more  limited  to  the 
climax.  Symbiotic  fixation  in  grasslands  at  the 
Jornada  (desert  grassland  in  southern  New 
Mexico),  Pawnee  (shortgrass  prairie  in  north- 
eastern Colorado),  Cottonwood  (mixed  prairie  of 
western  South  Dakota),  Pantex  (shortgrass 
prairie  of  northern  Texas),  and  Osage  (tallgrass 
prairie  in  central  Oklahoma)  research  sites  has 
been  shown  to  be  small  (Copley  and  Reuss  1972; 
Woodmansee  1979).  Yet  several  lupine  species 
actively  fixed  nitrogen  in  northern  Utah  and 
legumes  growing  in  annual  grasslands  of 
California  added  significant  amounts  of  nitrogen 
to  the  soil-plant  system  (Johnson  and  Rumbaugh 
1981;  Jones  and  Woodmansee  1979).  Astragalus 
lentiginosus,  Dalea  f remonti i ,  and  Lupinus 
argenteus  fixed  nitrogen  in  the  desert  of 
southern  Nevada  (Farnsworth  and  others  1976). 
Even  in  the  Colorado  desert  near  Palm  Desert, 
California,  native  legumes  of  the  genera 
Astragalus,  Dalea,  Lotus,  Lupinus,  and  Prosopis 
have  been  found  to  be  nodulated  and  to  fix 
nitrogen  (Eskew  and  Ting  1978). 

The  preponderance  of  evidence  indicates  that 
native  legumes  are  capable  of  nitrogen  fixation 
during  at  least  a  part  of  their  growing  season. 
Where  they  have  been  eliminated  by  overgrazing, 
the  range  site  is  not  receivinq  the  benefit  of 
the  nitrogen  that  should  be  there  by  the  legume 
mediated  fixation  process.  Reintroducing  the 
native  species  or  replacing  them  with  improved 
strains  of  other  adapted  legumes  should  assist 
in  restoring  the  site  to  full  productivity. 
Only  a  relatively  few  lequme  species  have  been 
used  extensively  for  that  purpose. 


ALFALFA 

Alfalfa  (Medicaqo  sativa  and  _M.  falcata)  has 
been  included  in  more  range  seeding  projects 
in  North  America  than  any  other  legume.  The 
genus  Medicago  is  not  native  to  the  western 
hemisphere.   It  evolved  in  the  Mediterranean 
region  but  the  perennial  forms  of  most  interest 
for  wild! and  use  arose  in  western  and  central 
Asia  (Lesins  and  Lesins  1979).  The  potential 
value  of  alfalfa  for  rangeland  improvement  in 
North  America  was  first  expressed  by  a 
horticulturist,  Dr.  N.  E.  Hansen  of  South  Dakota 
(1913).   In  an  address  delivered  in  1911  to  the 
State  Conservation  and  Development  and  Dry 
Farming  Congress  held  at  Pierre,  South  Dakota, 
Hansen  said,  "If  we  could  clothe  our  naked 
hillsides  with  these  wild  Siberian  alfalfas  we 
could  increase  their  present  carrying  capacity 
for  stock  seven  to  eight  times."  Hansen's 
concepts  were  sharply  defined  by  1913  when  he 
wrote,  "These  alfalfas  and  clovers  may  be  used 


in  two  ways:  (1)  As  a  cultivated  crop  for  hay 
and  pasture,  and  (2)  to  introduce  as  wild  plants 
into  the  native  ranges  of  the  Prairie  Northwest, 
where  they  will  probably  be  able  to  hold  their 
own  with  any  plant  now  found  there." 

Experimental  attempts  to  establish  alfalfa  in 
existing  grass  stands  by  sod  seeding  were 
initiated  at  Highmore,  South  Dakota,  as  early  as 
1909  (Oakley  and  Garver  1917).  It  was  also  at 
Highmore  that  Samuel  Garver  discovered  plants  in 
one  of  Hansen's  Russian  introductions  that  had 
extensive,  spreading  lateral  root  systems.  That 
characteristic  has  since  been  incorporated 
through  breeding  into  a  number  of  range  and 
pasture  alfalfa  cultivars  (Rumbaugh  1979, 
1982a).  Canadian  scientists  assumed  an  early 
and  commanding  lead  in  the  breedinq  and  use  of 
alfalfa  for  grazinq  (Heinrichs  1963).  A  few 
ranchers  also  realized  its  potential  and 
pioneered  methods  to  establish  alfalfa  in  native 
vegetation  (Miles  1969). 

Despite  the  risk  of  stand  failure  in  adverse 
environments,  range  managers  recommend  the  use 
of  alfalfa  for  range  improvement  projects  more 
frequently  than  any  other  legume  (Gomm  1974; 
Kneebone  1959;  Rumbaugh  and  Thorne  1965; 
Townsend  and  others  1975;  Vallentine  and  others 
1963).  Alfalfa  is  known  to  persist  well  once  it 
is  established  (Rumbaugh  and  Pedersen  1979; 
Wilton  and  others  1978).  It  is  also  capable  of 
reproduction  and  self-perpetuation  through 
natural  reseeding  on  sites  with  as  little  as  11 
inches  (28  cm)  annual  precipitation  (Rumbaugh 
1982b).  Preliminary  data  indicate  that  alfalfa 
can  fix  nitrogen  during  periods  of  drought 
stress  when  other  lequme  species  are  not  nodu- 
lated or  are  not  active  (Johnson  and  Rumbaugh 
1981).  When  alfalfa  is  well  established  in  game 
ranges,  it  effectively  keeps  game  animals  on 
those  ranges  and  helps  prevent  their  invading 
cultivated  fields  (Plummer  and  others  1968). 
The  introduction  of  the  dryland  cultivar  'Nomad' 
proved  to  be  one  of  the  most  successful  tech- 
niques used  to  improve  antelope  (Antilocapra 
americana)  ranges  in  southeastern  Oregon  (Yoakum 
1979) .  After  36  separate  aerial  seedings  on 
more  than  56,000  acres  (22,000  ha),  alfalfa 
constituted  10  percent  of  the  vegetation  present 
for  6  years  or  longer.  More  antelope  does  with 
fawns  were  observed  on  these  seedings  than  on 
adjacent  shrub-dominated  rangelands. 

Gains  in  forage  yield  as  a  result  of  estab- 
lishing legumes  depend  on  site  characteristics, 
precipitation,  the  legume  species,  interactions 
with  associated  species,  and  relative  stand 
densities.  Rumbaugh  (unpublished  data)  measured 
forage  yields  of  14-year-old  stands  on  a  14  inch 
(35  cm)  annual  precipitation  shortgrass  range  in 
Harding  County,  South  Dakota.  Sod  seeded 
alfalfa  plots  produced  253  percent  as  much  total 
forage  as  untreated  check  plots.  In  a  more 
complex  experiment  involving  grass,  shrub,  and 
legume  components  growing  at  Nephi,  Utah, 
significant  increases  in  forage  yields  were 
attained  through  the  use  of  alfalfa  and  other 
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legumes  (Rumbaugh  and  others  1981,  1982). 
Crested  wheatgrass  (Agropyron  desertorum)  pro- 
duced 183  percent  as  much  grass  foliaqe  when 
grown  with  legumes  as  grass  grown  without 
legumes.   In  addition,  the  alfalfa  plants 
contributed  directly  in  a  major  way  to  a  higher 
total  foraqe  yield. 

Protein  concentrations  of  grasses  also  increase 
when  grown  in  association  with  legumes.   In  the 
experiment  at  Nephi  previously  cited,  transect 
segments  containing  only  grass  had  forage  with 
5.5  percent  protein  when  averaged  over  four 
harvests.  Segments  where  both  arass  and  alfalfa 
were  growing  produced  grass  forage  with  6.2 
percent  protein.   In  addition,  the  alfalfa 
foliage  had  twice  the  protein  concentration  of 
the  grass  on  each  of  the  four  sampling  dates. 
Both  the  quantity  and  the  quality  of  the  grass 
improved  because  of  the  association  with 
alfalfa.  The  legume  also  appeared  to  cause  the 
crested  wheatgrass  to  recover  more  rapidly  after 
clipping.  Grass  grown  with  alfalfa  produced 
twice  as  much  forage  a  year  after  it  was  first 
harvested  as  did  grass  grown  without  alfalfa. 
Again,  the  alfalfa  also  contributed  directly  and 
importantly  to  total  regrowth  forage.  Alfalfa 
was  easily  established  on  Idaho  fescue  (Festuca 
idahoensis ),  bluebunch  wheatgrass  (Agropyron 
spicatumTT  western  wheatgrass  (A_.  smith i  i ) , 
junegrass  (Koeleria  cristata)  range  by  a  combi- 
nation  of  close  grazing  and  tillage  or  close 
grazing  and  broadcasting  seed  into  frost  cracks 
(Miles  1969).   It  thrived  and  established 
colonies  of  plants  on  dry  wind  swept  sites  at 
5,000  feet  (1  500  m)  elevation  where  soils  con- 
tained sufficient  lime.  A  short  period  of 
intense  grazing  during  May  and  June  was  con- 
sidered more  favorable  management  for  alfalfa 
than  a  long  period  of  summer  grazing. 


SWEETCL0VER 

Sweetclover  occurs  sporadically  throughout  the 
United  States  as  a  pioneer  plant  on  disturbed 
sites.  The  two  species  most  frequently  encoun- 
tered are  Melilotus  alba  (white-flowered)  and  M. 
officinal  is  (yellow-f lowered) .  There  are   annual 
and  biennial  forms  of  each,  but  most  populations 
are   biennial  (Smith  and  Gorz  1965).  Both 
species  grow  rapidly,  are  deep-rooted,  are 
excellent  seed  producers,  and  fix  nitrogen  very 
well  when  properly  inoculated  with  suitable 
Rhizobium  bacteria.  Heavy  stands  are   common 
along  roadsides  and  in  gullies  where  a  supply  of 
seed  has  accumulated  in  the  soil  and  where  mois- 
ture collected  (Plummer  and  others  1968). 

Sweetclover  ranks  next  to  alfalfa  in  frequency 
of  use  for  improvement  of  perennial  ranges. 
However,  there  is  less  information  about  its 
value  than  for  alfalfa.  Yellow-blossom  sweet- 
clover seeded  with  A.  desertorum  in  Montana 
produced  more  forage  than  either  the  grass  or 
legume  seeded  alone  (Gomm  1964).  The  crude  pro- 
tein content  of  sweetclover  forage  in  that  study 
exceeded  the  content  in  alfalfa.  Protein 


content  of  grass  grown  with  either  legume 
species  was  higher  than  when  grown  in  a  Dure 
stand.  Sweetclover  also  performed  very  well  on 
a  dense  clay  range  site  in  western  South  Dakota 
that  had  been  severely  depleted  by  drought  and 
overgrazing  (Nichols  and  Johnson  1969).  After 
being  seeded  in  1962  without  seedbed  prepara- 
tion, yellow-blossom  sweetclover  reseeded 
naturally  and  remained  a  compatable  associate 
with  the  native  vegetation  durinq  the  5-year 
study.   Combined  grass  and  sweetclover  forage 
production  averaged  1,804  lb/acre  (2  022  kg/ha) 
annually  compared  to  750  lb/acre  (840  kq/ha)  for 
the  control  treatment.  The  grass  component  was 
increased  by  373  lb/acre  (418  kg/ha)   as  a 
result  of  legume  supplied  nitrogen.  Western 
wheatgrass  (Agropyron  smithi  i )  vigor  and  protein 
content  were  also  improved.  Native  perennial 
grasses  were  not  reduced  in  abundance  by  sweet- 
clover competition. 

Volunteer  yellow-blossom  sweetclover  produced 
more  than  450  lb/acre  (500  kg/ha)  seed  on  a 
Montana  rangeland  receiving  an  average  of  20 
inches  (50  cm)  annual  precipitation  and  located 
at  4,700-7,000  feet  (1  400  to  2  100  m)  elevation 
(Miles  1970).   Stand  maintenance  was  not  a  pro- 
blem once  the  sweetclover  was  well  established 
on  south  facing  slopes.   It  was  observed  to 
grow  but,  because  of  undetermined  factors,  not 
to  reseed  on  north  facing  slopes.  The  most 
effective  method  of  introduction  was  to  broad- 
cast seed  after  burning  the  limber  pine  (Pinus 
f lexi lis)  and  big  sagebrush  (Artemisi  a 
tridentata) .  Without  site  preparation,  the  few 
plants  that  were  established  produced  little 
seed  because  of  close  grazing  by  deer.  With  the 
large  amount  of  sweetclover  which  resulted  from 
seedina  after  burning,  the  deer  were  confronted 
with  more  legume  qrowth  than  they  could  keep 
from  going  to  seed.  Second-year  sweetclover 
itself  was  hiqhly  competitive  to  sweetclover 
seedlings.  To  obtain  the  best  forage  utiliza- 
tion and  seed  production,  pasturing  was  initi- 
ated prior  to  bloom  stage  and  stopped  when  the 
plants  had  been  grazed  to  a  10  inch  (25  cm) 
stubble.  The  sweetclover  then  regrew  and  pro- 
duced an  abundance  of  seed.  The  same  management 
procedure  probably  could  be  used  elsewhere  with 
other  adapted  range  legumes. 

As  a  wildland  species  in  the  Intermountain  Area, 
sweetclover  maintains  itself  best  on  favorable 
sites  of  the  mountain  brush  and  pinyon-juniper 
zones  but  its  contribution  to  forage  yield  has 
not  been  documented  (Plummer  and  others  1968). 
In  addition  to  being  a  valuable  forage  plant, 
sweetclovers  are   important  species  for  honey 
production  and  their  seeds  are   of  some  value  to 
upland  gamebirds  (Hermann  1966).  Dwarf  forms 
are  known  and  the  merit  of  breeding  rapidly 
growing  and  early  maturing  cultivars  of  short 
stature  for  droughty  sites  should  be  explored. 
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CLOVERS 

True  clovers  belong  to  the  genus  Trifol ium. 
Most  species  require  an  annual  precipitation 
in  excess  of  20  inches  (50  cm)  in  order  to  do 
well  and  no  species  native  to  North  America  has 
been  used  extensively  for  range  improvement. 
Introduced  species  have  been  used  extensively 
throughout  the  United  States.  More  research  has 
been  conducted  with  Trifol ium  species  on 
California  rangelands  than  elsewhere  and  the  use 
of  clover  has  been  very   successful  (Williams  and 
others  1956).  The  seeding  of  adapted  species 
and  phosphate  fertilization  accompanied  by 
appropriate  management  increased  the  grazing 
capacity  three-fold  in  one  experiment  lasting 
five  years.  Use  of  a  mixture  of  annual  clovers 
of  varying  growth  habit  was  suggested  as  it 
allowed  a  much  greater  latitude  in  adjustment  of 
stock  use  than  was  possible  with  a  single 
species.  Clovers  most  often  used  for  improve- 
ment of  these  annual  rangelands  are  rose  clover 
(_T.  hirtum),  crimson  clover  (J_.  incarnatum),  and 
subterranean  clover  {]_.    subterraneum) . 

In  southeastern  United  States  rangelands, 
growing  white  clover  (_T.  repens)  with  any  of  the 
five  major  perennial  forage  grasses  was  found  to 
increase  the  protein  concentration  in  the 
resulting  forage  all  season  long  (Dobson  and 
Beaty  1980).  Grass  forages  grown  with  the 
clover  averaged  as  high  or  higher  in  protein  as 
monospecific  grass  forage  fertilized  at  nitrogen 
rates  up  to  300  lb/acre  (336  kg/ha).  The 
inclusion  of  clover  also  significantly  increased 
the  calcium  concentration  of  the  forage  compared 
to  the  grass  alone.  Biologically,  growing  a 
legume  such  as  white  clover  on  southern  ranges 
probably  offers  more  opportunity  to  increase 
forage  nutritional  yield  and  quality  than  any 
other  practice  generally  available.  This  also 
may  be  true  of  high  elevation  western  ranges 
receiving  sufficient  precipitation'  to  support 
growth  of  Trifol ium  species. 

There  are  three  relatively  unknown  clovers  that 
merit  attention  as  candidates  for  potential  use 
on  higher  elevation  western  rangelands.  These 
are   T.  amabi le,  T.  ambiguum,  and  T.  rubens.  All 
have~certain  deficiencies  such  as  poor  seedling 
vigor  but  it  may  be  possible  to  overcome  them 
through  breeding  or  management.  Trifol ium 
amabi le  is  indigenous  to  Andean  rangelands  at 
elevations  between  9,500  and  12,800~feet  (2  900 
and  3  900  m).   It  is  a  more  vigorous  and  pro- 
ductive perennial  than  many  of  our  native  high 
elevation  clovers  such  as  the  T^  beckwithii  of 
the  Intermountain  Region.  Little  research  has 
been  done  with  this  species  and  only  a  few 
germplasm  accessions  are  available  to  plant 
breeders.  However,  it  grows  well  at  Logan, 
Utah,  at  an  elevation  of  4,500  feet  (1  400  m) 
and  its  value  for  mountain  meadow  and  mountain 
grassland  seeding  should  be  tested. 

Kura  clover  (J_.  ambiguum)  has  been  investigated 
previously  in  the  United  States  but  has  not 


achieved  prominance  as  a  foraqe  crop  (Kannenberg 
and  Elliott  1962;  Keim  1954).   It  is  a  cold- 
hardy,  drought  tolerant,  rhizomatous  perennial 
which  is  also  resistant  to  several  virus 
diseases  which  attack  other  clovers  (Barnett 
and  Gibson  1975).  However,  early  experiences 
with  this  species  resulted  in  stand  failure 
because  of  weak  seedlings  and  a  lack  of 
nodulation.  Until  quite  recently,  only  a  few 
germplasm  accessions  were  available  in  the 
United  States  and  sufficient  genetic  diversity 
was  not  present  to  permit  plant  breeders  to 
correct  these  problems  (Townsend  1970). 

Researchers  in  Australia  and  New  Zealand  have 
been  more  successful.  Kura  clover  was  first 
introduced  into  Australia  in  1931,  but  testing 
did  not  proceed  beyond  the  nursery  stage  until 
the  mid  1 950 ' s  when  naturally  occurring  ploidy 
groups  were  recognized  (Bryant  1974;  Hely  1972). 
It  also  became  possible  to  differentiate  between 
alpine  and  cold  continental  ecotypes  (Costin  and 
Wimbush  1963).  The  nature  of  resistance  to 
nodulation  was  first  identified  and  then 
selection  for  improved  nodulation  began  (Hely 
1963,  1971).  Two  cultivars  were  released  by 
CSIR0  in  1972  (Barnard  1972).  One  was  a 
diploid,  'Summit',  and  the  other  a  tetraploid, 
'Treeline'.  Other  cultivars,  some  of  which  are 
hexaploids,  have  since  been  developed.  The 
hexaploid  forms  are   reputedly  adapted  to  grassy 
steppes,  spread  well,  and  are  persistent  and 
productive.  Kura  clover  maintained  its  stand 
density  in  a  year   of  drouaht  stress  that  almost 
eliminated  white  clover  (Spencer  and  others 
1975).  This  probably  was  because  of  its 
extensive  root  and  rhizome  system.  Kura  clover 
had  four  times  as  much  underqround  biomass  as 
white  clover  and  approximately  one-third  of  it 
consisted  of  rhizomes. 

As  a  consequence  of  recent  plant  collections  in 
the  Soviet  Union  by  D.  R.  Dewey  and 
A.  P.  Plummer,  United  States  breeders  now  have 
available  an  adequate  representation  of  the 
genetic  diversity  of  T.  ambiguum  to  successfully 
develop  improved  populations  for  wildland  use 
(Dewey  and  Plummer  1980).  Four  year  old  plants 
of  that  collection  qrowing  in  a  spaced-plant 
nursery  at  Logan,  Utah,  had  an  average  crown 
diameter  of  30  inches  (73.4  cm),  were  12  inches 
(30.5  cm)  in  height,  and  had  49  heads  per  square 
foot  (530  heads  per  m?).  Superior  clones  of 
this  species  were  selected  and  progeny  trials 
initiated. 

The  Dewey  and  Plummer  collection  also  contained 
one  accession  of  _T.  rubens.  Only  one  prior 
introduction  of  this  species,  sometimes  called 
foxtail  clover,  has  been  available  in  the  United 
States.   I  know  of  no  current  agronomic  research 
with  _T.  rubens,  yet  in  many  ways  it  is  an 
attractive  clover.  Plants  grown  at  Logan,  Utah, 
were  perennial,  winterhardy,  tall,  erect,  and 
productive  of  both  forage  and  seed.  Individual 
plants  yielded  as  much  as  1.2  ounces  (33  g)  of 
seed.  Since  _T.  rubens  evolved  in  the  submontane 
xerothermic  areas  of  submediterranean  middle 
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Europe,  it  may  possess  attributes  of  hardiness 
and  drought  resistance  of  value  in  wildlands  of 
the  Intermountain  Region  (Hendrych  1970). 
Despite  the  lack  of  seedling  vigor 
(N.  L.  Taylor,  personal  communication)  and  the 
restricted  germplasm  base  available,  we  have 
initiated  a  selection  and  evalution  program  with 
this  species. 

SWEETVETCH 

One  species  of  sweetvetch,  Hedysarum  coronarium, 
has  achieved  prominence  as  a  forage  crop  in 
countries  bordering  the  Mediterranean  and  in 
parts  of  Australia  (Duke  and  Reed  1981).  Known 
as  sulla  or  sulla  sweetvetch,  H_.  coronarium  is 
either  fed  as  fresh  forage  or  as  hay  or  is  used 
as  a  green  manure  crop  to  improve  soil  fertility 
and  tilth.  Sulla  is  reported  to  tolerate  annual 
precipitation  of  18  to  93  inches  (46  to  236  cm), 
annual  temperatures  of  42°  to  83°F  (5.7°  to 
29.9°C),  and  to  range  from  the  Boreal  Moist 
through  the  Tropical  Forest  Life  Zones.  H. 
mongol icum  and  H.  scoparium  have  received  some 
attention  in  ChTna  as  species  suited  for  range 
improvement  and  for  stabilization  of  sand  dunes 
(Min  in  press).  Seeds  of  these  two  species  have 
been  available  to  scientists  in  the  United 
States  only  within  the  last  year.     Seed  increase 
and  research  with  them  and  with  H.  coronarium 
has  been  initiated  in  Utah  and  Montana. 


The  native  Utah  sweetvetch,  H.  boreale,  is 
regarded  as  a  valuable  wildland  legume  (Kneebone 
1959;  Plummer  and  others  1968).  Sweetvetch 
starts  growth  early  in  the  spring,  produces 
abundant  forage,  and  some  basal  leaves  remain 
green  throughout  the  winter.  The  foliage  is 
highly  palatable  to  big  game  and  livestock.  The 
species  is  a  good  seed  producer  and  is  well 
suited  to  cultivation  for  that  purpose.  H. 
boreale  also  may  be  vegetatively  propagated  and 
transpl anted  to  sites  where  direct  seeding  is 
not  possible  or  is  not  desirable  (Institute  for 
Land  Rehabilitation  1979).  Sweetvetch  strains 
differ  in  rhizome  development,  plant  size, 
seedling  vigor,  disease  resistance,  and  seed 
yield.  Populations  in  our  breeding  program  at 
Logan,  Utah,  have  been  advanced  into  a  second 
cycle  of  recurrent  selection  based  on  these 
traits.  Utah  sweetvetch  and  all  other  Hedysarum 
species  tested,  contained  condensed  tannins  and 
therefore  are  thought  to  be  bloat-safe  legumes 
(M.  D.  Rumbaugh,  unpublished). 


MILKVETCH 

The  genus  Astragalus  to  which  the  milkvetches 
belong  is  an  extremely  diverse  and  interesting 
group  of  plants.  It  also  is  a  group  which 
presents  many  problems  for  ranchers.  More  than 
500  species  are  native  to  North  America  (Hermann 
1966).  These  can  be  divided  into  classes 
according  to  their  effects  on  animals:  (1)  those 
that  are  acutely  toxic,  (2)  those  that  are 
chronically  toxic,  (3)  those  that  cause  the 
locoweed  syndrome,  (4)  those  that  are   toxic  due 


to  their  selenium  content,  and  (5)  a  class  that 
is  nontoxic  (James  and  Johnson  1976).  None  of 
these  species  have  been  exploited  for  range 
improvement  work.  Two  introduced  Asiatic 
species  have  been  used  in  wildland  plantings. 

Astragalus  falcatus,  sicklepod  milkvetch,  is  a 
very  productive  legume  from  the  Soviet  Union  and 
is  well  adapted  to  favorable  areas  of  the 
pinyon-juniper  and  big  sagebrush  ranges  (Plummer 
and  others  1968).   It  is  a  large  plant  that 
often  protrudes  above  the  snow  to  provide  winter 
feed.  The  inclusion  of  sicklepod  milkvetch  with 
crested  wheatgrass  in  a  planting  at  Nephi,  Utah, 
increased  both  the  forage  and  protein  yields  of 
the  grass  (Rumbaugh  and  others  1981,  1982). 
This  species  has  the  additional  advantage  that 
it  is  easier  to  establish  than  several  other 
legumes  with  which  it  has  been  compared 
(Townsend  and  McGinnies  1972).  However,  _A. 
falcatus  foliage  is  known  to  contain  high  levels 
of  nitro  compounds  and  it  should  be  classified 
as  a  poisonous  plant  (Williams  and  others  1976). 
Therefore,  this  species  should  not  be  introduced 
into  additional  wildland  sites  unless  strains 
are  discovered  which  are  not  toxic  to  animals. 

Astragalus  cicer,  cicer  milkvetch,  is  entirely 
safe  for  grazing  and  has  been  used  more  exten- 
sively in  North  America  than  any  other  member  of 
this  genus.  Breeding  work  with  cicer  is  under- 
way in  Colorado  and  Alberta  and  several  improved 
cultivars  have  been  released  (Townsend  and 
others  1975;  Townsend  1981).  Relatively  low 
seedling  vigor  has  restricted  the  use  of  this 
species  as  a  forage  plant  (Townsend  and  Wilson 
1981).  Cicer  is  bloat  safe  and  is  known  to  be 
better  adapted  to  sandy  soil  than  to  loam  soil. 
It  does  best  at  locations  receiving  more  than  15 
inches  (40  cm)  annual  precipitation.  On  a 
droughty  site  in  Utah,  cicer  had  lower  forage 
and  protein  yields  than  either  sicklepod  milk- 
vetch or  alfalfa  (Rumbaugh  and  others  1981, 
1982).  More  information  about  this  species 
should  be  obtained  from  longer  term  and  larger 
plantings.   Its  use  in  wildland  improvement 
projects  should  be  encouraged. 


SAINFOIN 

Sainfoin,  Onobrychis  viciifolia,  is  an  attrac- 
tive legume  with  many  characteristics  desir- 
able for  wildland  use.   It  is  nonbloating, 
relatively  easy  to  establish,  and  productive  of 
forage  and  seed  (Townsend  and  others  1975). 
Sainfoin  is  a  deep-rooted  perennial  with  a  tap 
root  that  can  extend  to  a  depth  of  3  to  30  feet 
(1  to  10  m)  (Ditterline  and  Cooper  1975).   It 
also  is  reported  to  be  winterhardy,  drought 
resistant,  and  long  lived  although  significant 
losses  of  sainfoin  stands  during  4-  and  5-year 
test  periods  in  Colorado  and  in  central  Montana 
have  been  observed  (Dubbs  1971;  Townsend  and 
others  1975). 

Sainfoin  performed  better  where  it  was  seeded 
alone  in  range  scalping  and  interseeding  studies 
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in  Montana  than  where  it  was  seeded  with  a  grass 
(Ryerson  and  Taylor  1968).  However,  none  of  the 
stands  were  considered  satisfactory.  The 
competitive  ability  of  the  sainfoin  seedlings 
was  considered  to  be  questionable  under  range 
conditions  although  the  species  seemed  to  be 
able  to  maintain  itself  and  to  spread  into  a 
mixed  vegetational  cover  once  it  was 
established.  The  researchers  suggested  that 
information  on  the  following  points  was  needed 
before  wide  use  of  sainfoin  on  rangeland  could 
be  recommended. 

1.  Performance  (productivity  and 
longevity)  in  large  scale  inter- 
seed  ings. 

2.  Comparison  with  other  legumes  under 
range  conditions. 

3.  Performance  under  seasonal  grazing  on 
range. 

4.  Animal  response  to  sainfoin-interseeded 
range. 

5.  Methods  of  controlling  undesirable 
plants  in  established  sainfoin 
interseedings. 

6.  Watershed  and  wildlife  relationships  of 
sainfoin  in  range  interseedings. 

7.  Overall  effects  on  multiple-use 
management  of  private  and  public 
lands. 

Few  of  these  problems  have  been  addressed  in  a 
significant  way  since  the  list  was  formulated  in 
1968.  One  important  study  took  place  in  Turkey 
during  1969-1975  (Tosun  and  others  1977).  A 
replicated  grazing  experiment  with  sheep  was 
conducted  on  12-acre  (5-ha)  plots  Hay  yields  of 
native  range,  alfalfa  plus  grass,  and  sainfoin 
plus  grass  treatments  were  0.93,  2.02,  and  1.82 
tons/acre  (1.047,  2.264,  and  2.040  metric 
tons/ha).  The  resulting  live  weight  gains  of 
sheep  were  21.0,  56.3,  and  51.8  lb/acre  (23.5, 
63.1,  and  58.1  kg/ha)  for  native  range,  alfalfa 
plus  grass,  and  sainfoin  plus  grass  plots. 
After  an  appropriate  economic  analysis,  profits 
from  each  of  the  legume  treatments  exceeded  300 
percent  of  that  for  the  untreated  native  range. 


OTHER  LEGUMES 

Many  species  of  herbaceous  legumes  other  than 
those  already  discussed  have  been  considered 
by  plant  scientists  for  wildland  projects. 
These  include  native  or  introduced  members  of 
the  following  genera:  Amorpha,  Baptisi  a, 
Chamaecr ista,  Coronilla,  Dalea,  Desma~nThus, 
Indigofera,  Lathyrus,  Tespedeza,  Lotus,  Lupinus, 
Medicago,  Petalostemum,  Shrankia,  Sphaerophysa, 
Strophostyles,  Tephrosia,  and  Vicia. 
Undoubtedly  there  are   others  not  listed  here. 
Most  often  these  species  have  not  been  used 
extensively  because  they  lack  seedling  vigor  and 


consequently  are  difficult  to  establish  or  they 
are  poor  seed  producers.   In  some  instances 
suitable  Rhizobium  cultures  have  not  been 
available"!  More  rare]y,    research  with  a 
vigorous  species  was  halted  because  of  fear  that 
the  legume  would  prove  to  be  a  weedy  pest. 


CONCLUSIONS 

The  world  plant  community  has  provided  several 
herbaceous  legumes  of  proven  value  for  wildland 
plantings.  Their  use  should  be  extended  by 
range  managers  in  a  position  to  do  so.  These 
species  frequently  improve  the  quantity, 
quality,  and  seasonal  distribution  of  forage 
resulting  in  an  increase  in  carrying  capacity 
and  profitability  of  rangelands.  They  fix 
significant  quantities  of  atmospheric  nitrogen 
which  ultimately  is  used  by  associated  grasses. 
Most  legumes  are  beneficial  for  wildlife  as  well 
as  livestock.  Some  excel  in  lesser  ways  as 
effective  species  for  soil  conservation,  mine 
soil  reclamation,  honey  production,  and  site 
beautif ication . 

Lesser  known  species  are  being  improved  by  plant 
breeders.  As  this  germplasm  becomes  available, 
range  scientists  are  encouraged  to  evaluate  it, 
document  its  advantages  and  disadvantages,  and 
appraise  the  originators  of  their  findings. 
Through  cooperative  efforts,  more  legumes  will 
find  a  home  on  western  wildlands.  As  one 
knowledgeable  and  articulate  rancher  from 
Montana  wrote,  "It  has  been  frequently  said: 
'Suitable  range  legumes  haven't  been  found.' 
Seems  it  should  read:  'Suitable  range  legumes 
for  existing  management  systems  haven't  been 
found'"  (Miles  1969). 
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NONLEGUMINOUS  FORBS  FOR  RANGELAND  SITES 


Nancy  Shaw  and  Stephen  B.  Monsen 


ABSTRACT:  Adapted  native  and  introduced 
nonleguminous  forbs  may  be  selected  to  increase 
the  value  and  diversity  of  range  seedings. 
Forb  use  in  range  restoration  has  been  limited 
by  erratic  seed  crops  and  high  seed  costs. 
Initial  releases  and  improved  cultural 
techniques  have  contributed  to  increases  in  the 
species  and  quantities  of  forb  seeds  marketed 
and  planted  annually. 


INTRODUCTION 

Native  nonleguminous  forbs  are  common  in  most 
plant  communities  of  the  Intermountain  region. 
They  may  grow  mixed  with  grasses  and  other 
forbs,  as  an  understory  to  trees  and  shrubs,  or 
infrequently  as  pure  stands.   Individual  species 
may  be  adapted  to  several  vegetative  types  and 
distributed  over  a  wide  geographic  range  or  may 
exhibit  specific  site  requirements.   Ecotypes 
differing  in  morphological  or  physiological 
characteristics  have  developed  within  many 
species. 

Selected  native  and  introduced  forbs  are 
valuable  additions  to  rangeland  plantings: 

1.  They  increase  the  diversity  of  the  plant 
community,  permitting  it  to  support  a  wider 
range  of  organisms. 

2.  They  provide  high  quality  forage  and  may 
seasonally  supply  critical  nutrients  and 
succulence  for  game  animals  and  livestock, 
particularly  domestic  sheep.   Fruits,  seeds,  and 
leaves  of  forbs  are  frequently  a  principal  food 
of  upland  gamebirds. 

3.  Spreading  varieties  may  be  used  to  control 
erosion  and  provide  ground  cover  on  unstable 
sites. 

4.  Low-maintenance  landscaping  for  roadsides, 
rest  areas,  and  campgrounds  is  enhanced  by  the 
inclusion  of  forb  species  that  flower  at 
different  seasons  and  produce  attractive 
foliage. 

5.  Forbs  that  remain  green  through  the  summer 
or  winter  months  may  serve  to  extend  the  grazing 
season  and  increase  the  fire  resistance  of 
plantings. 


6.   Selected  species  are  useful  as  pioneer 
species  or  nurse  crops  on  disturbed  sites. 

With  the  exception  of  small  burnet, 
nonleguminous  forbs  have  received  limited  use  in 
range  improvement  projects  due  to  low  seed 
availability  and  high  costs.   At  present,  most 
seed  is  hand  collected  from  wildland  stands. 
Seed  crops  are  dependent  upon  weather  conditions 
and  are  subject  to  grazing,  insect  attacks,  and 
disease,  and  as  a  result  are  quite  erratic. 
Seed  collection  of  many  species  is  complicated 
by  indeterminate  flowering  and  seed  set.   Most 
forbs  normally  grow  intermixed  with  other 
species  and  only  rarely  occur  in  more  easily 
collected  pure  stands.   Nearly  pure  stands  of 
some  species,  such  as  arrowleaf  balsamroot 
(Balsamorhiza  sagittata)  and  gooseberryleaf 
globemallow  (Sphaeralcea  g r os su la riae folia) ,  are 
occasionally  found  growing  on  nearly  level 
terrain  and  can  be  combine  harvested.   As  a 
result  of  difficulties  encountered  in  gathering 
and  cleaning  native  forb  seed,  collectors  tend 
to  select  only  those  species  and  ecotypes  that 
are  easily  handled.   Management  of  local  stands 
of  frequently  used  species  or  ecotypes  for  seed 
production  may  be  a  means  of  assuring  and 
increasing  annual  seed  crops  of  adapted  sources. 

During  recent  years,  the  USDA  Soil  Conservation 
Service  has  placed  increased  emphasis  on  the 
development  of  improved  lines  of  native  forbs. 
Collections  from  throughout  the  geographic  range 
of  selected  species  are  being  examined  and 
tested  in  outplanting  trials  to  determine  their 
range  of  adaptability  and  uniformity  in 
reproducing  specific  combinations  of  desirable 
characteristics.   Cultural  techniques  for 
propagating  these  species  in  seed  fields  and 
rangeland  seedings   are  being  developed  (Redente 
and  others  1982;  Wasser  1982).   Only  a  limited 
number  of  nonleguminous  forb  releases — 'Appar' 
Lewis  flax  (Linum  lewisii) ,  'Bandera'  Rocky 
Mountain  penstemon  (Penstemon  strictus) ,  and 
'Delar'  small  burnet  (Sanguisorba  minor) — are 
available  for  use  in  the  Intermountain  area 
(USDA,  SCS  1982),  although  further  releases  are 
scheduled.   Growers  are  beginning  to  produce 
seed  of  additional  species  from  seed  of  selected 
wildland  collections. 


Nancy  Shaw  and  Stephen  B.  Monsen  are  Botanist 
and  Botanist/Biologist,  respectively,  at  the 
Forestry  Sciences  Laboratory,  USDA  Forest 
Service,  Intermountain  Forest  and  Range 
Experiment  Station,  Boise,  Idaho. 
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Table  1. — Characteristics  of  major  forb  species  used  in  rangeland  plantings 


Species 


Vegetation 

Soil 

Root 

Structure 

Seed  process- 

Seeding 

type1 

stabili- 
zation 

'-■.tin  e 

system 

planted 

ing  and 
planting 
considera- 
tion3 

method 

Acceptable   No.  seeds    Storage 
purity      per  pound5   period 
(percent)5  (years)5'6 


Achillea 

millefolium  lanulosa 


ludoviciana 


Aster  chilensis 
adscendens 


2,3,4,5,6,7,8  4 
3,4,5,6,7,8  5 
3,4,5,6,7,8     5 


Aster  glaucodes       4,5,6,7, 


Balsamorhiza 
saglttata 

Balsamorhiza 
macrophylla 

Erigeron 
speciosus 

Geranium 

viscosissimum 


3,4,5,6,7 
4,5,6,7 
8 
4,6,7,8 


Helianthella  uniflora   4,6,7 
Heracleum 


lanatum 


Ligusticum 
porteri 


Linum  lewisii 


nutallii 


triternatum 


Mertensia  sp. 


6,7,8  (moist 
areas) 


6,7,8  3 

1,2,3,4,5,6,7  2 

4,5,6,7,8  2 

5,6,7,8  2 

4,5,6,7,8  3 


Fibrous , 

rhizomatous 

Fibrous, 

rhizomatous 

Fibrous, 

rhizomatous 

Fibrous, 

rhizomatous 

Thick  taproot 


Thick  taproot 


Achene 


Achene 


Narrow  achene  1,5 


Narrow  achene   1,5 


Taproot, 

rhizomatous 

Taproot , 

rhizomatous 

Taproot 

Taproot  or 
cluster  of 
fibrous  roots 

Taproot 

(fibrous  root 
crown) 

Taproot 

Tuberous  roots 


Taproot 


Rhizomatous , 
thick  tuber- 
ous roots  or 
taproots 


Large  achene 
Large  achene 
Achene 


2,4 


Elongate 
mericarp 

Elongate 
mericarp 

Seed 

Elongate , 

winged 

mericarp 

Winged 
mericarp 

Nutlet 


3 
2,3 


2,3 


1,2 
2,3 


2,3 


Osmorhiza 

6,7 

8 

1 

Thick  fascicled 

Elongate 

2 

occidentalis 

roots 

mericarp 

Penstemon 

4,5 

6 

4 

Taproot 

Seed 

1 

cyananthus 

Penstemon  eatonii 

3,4 

5 

6,7 

3 

Taproot 

Seed 

1 

Penstemon 

3,4 

5 

6 

4 

Fibrous, 

Seed 

1 

humilus 

rhizomatous 

Penstemon  palmeri 

2,3 

4 

5,6 

3 

Fibrous 

Seed 

1 

2,1,6,3  50 

2,1,6,3  807 

2,1,6,3  40 

2,1,6,3  40 

4,6,3  95 


4,6,3 


2,1,3,6 


5,6,2 


95 


95 


3.6.2.1  60 
4,6,3,2,1  85 

4,6,3,2,1  90 

2,1,3,6  90 

4.3.6.2  75 

4,3,6,2  75 
3,5,6,2 

4,6,3  95 

3,2,6,1,5  95 

3,2,6,1,5  95 

3,2,6,1,5  95 

3,2,6,1,5  95 


4,123,635 

3.800.0007 

2,668,235  4-6 

540,000  4-6 

55,245  4 

32,220  3 


52,550  7-10 

53,560  4-6 

44,850  3 

69,275  5 

278,280  7-10 

42,225  4 


29,845        4-6 

234,785        7-10 

351,085        7-10 
7-10 

609,675        15 
(con,) 
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Table  1. — (con.) 


Species 


Vegetation 

Soil 

Root 

type1 

stabili- 
zation 
value2 

system 

Structure      Seed  process-  Seeding 
planted        ing  and       method1* 
planting 
considera- 
tion3 


Acceptable   No.  seeds    Storage 
purity      per  pound5   period 
(percent)5  (years)5'6 


4.5,6,7 


strictus 

Sanguisorba 

2,3,4,5 

6 

3 

minor 

Senecio  serra 

6,7,8 

4 

Solidago 

6,7,8 

4 

canadensis 

Sphaeralcea 

1,2,3,4 

5 

3 

coccinea 

Sphaeralcea 

1,2,3,4 

5,6 

2 

g rossu la riae folia 

2,3,4,5 

Tragopogon 

2 

porrif olius 

Valeriana  edulis 

7,8 

3 

Viguiera 

3,4,5,6 

7 

3 

multif lora 

Viguiera 

2,3,4,5 

3 

multif lora 

nevadensis 

Fibrous, 

Seed 

1 

rhizomatous 

Taproot , 

Achene 

rhizomatous 

Fibrous 

Achene 

1 

5 

Fibrous , 

Achene 

1 

5 

rhizomatous 

Taproot , 

Schizocarp 

2 

rhizomatous 

Taproot 

Schizocarp 

2 

Taproot 

Achene 

2 

3 

Fibrous, 

Achene 

1 

rhizomatous 

Branched 

Achene 

1 

r. 

taproot 

Branched 

Achene 

1 

5 

taproot 

3,2,6,1,5 

3,2,1,6  95 

3,2,6,1  50 

2,1,4,6,3  50 

3,6,2,1  90 

3,6,2,1  90 

4,2,6,1,3  85 

5,3,6,2 

2,3,6,5  50 

2,3,6,5  50 


55,115    15 

3,489,230   0-3 
0-3 

16  + 

500,660   15 

306,695    4-6 


1,054,885   4-6 


Vegetative  types: 

1.  Salt  desert  shrublands 

2.  Wyoming  big  sagebrush 

3.  Basin  big  sagebrush 

4.  Mountain  big  sagebrush 

5.  Pinyon-juniper 

6.  Mountain  brush 

7.  Aspen 

8.  Subalpine  herblands 


Soil  stabilization  value: 

1.  Low 

2.  Fair 

3.  Moderate 

4.  Good 

5.  High 


Seed  processing  and  planting  considerations: 

1.  Small  seed  (>500,000/lb) . 

2.  Fall  or  winter  seeding  required. 

3.  Seed  may  be  broken  or  damaged  during  processing  or 
seeding. 

4.  Low  seed  fill  or  insect  predation  of  seeds  common. 

5.  Seed  difficult  to  clean  to  high  purity. 


Seeding  method: 

1.  Aerial  broadcast  and  cover.   Seed  of  other  species  may  be  successfully  seeded  by  this  technique,  but  is  rarely  available  in  adequate 
quantities . 

2.  Broadcast  and  cover  -  hand  or  ground  equipment. 

3.  Drill  with  seed  mixture. 

4.  Drill  separately  -  same  depth  as  grasses.   Includes  species  which  are  slow  to  develop,  do  not  compete  well  with  most  grasses  or  for 
which  seed  is  normally  in  short  supply. 

5.  Drill  separately  -  shallow  depth.   Same  as  no.  4,  but  very  small  seeded  species. 

6.  Cultipack  separately  or  in  mixtures. 

5Acceptable  purity  -  purchased  seed  should  be  cleaned  to  at  least  the  indicated  level.   Jorgensen,  K.  R.  Ephraim,  UT:  Data  on  file  at  Great 
Basin  Experimental  Range,  Intermountain  Forest  and  Range  Experiment  Station;  1983. 

6Stevens  and  others  (1981a). 

Stranathan,  Sam.  Meeker,  CO:  Data  on  file  at  Upper  Colorado  Environmental  Plant  Center;  1982. 
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MAJOR  NONLECUMINOUS  FORBS  USED  IN  RANGELAND 
SEED1NGS 

Small  Burnet 

There  are  approximately  30  species  of  burnet 
(Sanguisorba) ,  occurring  primarily  in  Europe  and 
the  Middle  East  (Hermann  1966).   Two  species, 
western  burnet  (S.    occidentalis)  and  Alaskan 
Burnet  (S.    sitchensis) ,  which  are  native  to 
western  North  America,  are  locally  valued  as 
forage  plants  (Hermann  1966;  Hitchcock  and 
others  1961) .   Selections  of  small  burnet  from 
Mediterranean  and  Middle  Eastern  countries  are 
more  widely  adapted  to  sites  in  the  Intermoun- 
tain  region  than  any  of  the  native  species. 
Small  burnet  grows  well  in  heavy  clay  to  sandy 
loam  soils  (Plummer  1977)  and  is  suited  to  the 
sagebrush,  blackbrush,  and  pinyon-juniper  types 
and  drier  sites  in  the  mountain  brush  zone 
(Plummer  and  others  1968;  Howard  1981). 

Small  burnet  is  a  short-lived,  perennial  forb 
that  persists  from  7  to  12  years.   However, 
survival  in  some  Utah  plantings  has  exceeded  20 
years  (Plummer  and  others  1968).   Plants  consist 
of  a  basal  rosette  of  pinnately  compound  leaves 
arising  from  a  caudex  and  taproot.   Numerous 
flowering  stalks  may  grow  from  2  to  20  inches  (5 
to  50  cm)  in  height.   Flowers  are  formed  in 
dense,  terminal  heads.   The  evergreen  plants  are 
reasonably  fire-resistant  and  are  used  through- 
out the  year  by  game,  livestock,  rodents,  and 
rabbits  (Plummer  and  others  1968;  Howard  1981). 
Small  burnet  is  particularly  important  in  late 
winter,  early  spring,  and  late  summer  when  other 
species  provide  little  green  forage.   Stand 
vigor  and  density  may  be  reduced  by  selective 
grazing  during  these  periods.   Good  seed  crops 
are  generally  produced,  but  may  be  consumed  by 
rodents  if  their  populations  are  high  (Everett 
and  others  1978;  Stevens  ) .   Reproduction  will 
occur  if  sufficient  seed  is  left. 

Excellent  seed  production,  high  seed  quality, 
and  ease  of  seed  processing  and  planting  have 
contributed  to  the  widespread  use  of  small 
burnet.   It  can  be  broadcast  or  drill  seeded  in 
mixtures  with  best  results  being  obtained 
following  fall  or  winter  seedings  (Stevens  and 
others  1981b).   Vegetative  propagation  can  be 
accomplished  by  dividing  and  transplanting  the 
somewhat  rhizomatous  plants.   Introduction  of  S. 
magnollii,  _S.  dictyocarpum,  and  ^.  muricata  have 
exhibited  characteristics  similar  to  those  of  S^. 
minor  when  grown  on  southwestern  Idaho 
rangelands.2 

'Delar*  small  burnet  was  released  in  1979  by  the 
USDA  Soil  Conservation  Service,  Plant  Materials 
Center,  Aberdeen,  Idaho.   It  is  recommended  for 
sites  in  the  Intermountain  region  that  receive 
at  least  12  inches  (30  cm)  of  annual  precipita- 
tion.  Under  irrigation  Delar  has  produced  up  to 
1,050  lbs  of  seed  per  acre  (1  178  kg/ha)  (Howard 
1981). 


Stevens,  R.  Ephraim,  UT:  Data  on  file  at  Great 
Basin  Experimental  Area;  1982. 
2Shaw,  N.  Boise,  ID:  Data  on  file  at  Forestry 
Sciences  Laboratory;  1978-83. 


Lewis  Flax 

The  genus  Linum  consists  of  approximately  100 
species  and  is  distributed  world-wide,  primarily 
in  the  temperate  regions  (Hitchcock  and  others 
1961).   About  20  species  occur  in  the  western 
United  States  (Hermann  1966).   Lewis  flax  was 
discovered  by  Meriwether  Lewis  near  the  Contin- 
ental Divide  in  Montana  (USDA  Forest  Service 
1937).   This  widely  distributed  perennial  forb 
ranges  from  Alaska  and  Saskatchewan  to  Cali- 
fornia and  Texas  (Davis  1952;  Harrington  1964). 
It  grows  on  well-drained  soils  from  salt  desert 
shrub  communities  to  ridges  and  openings  in  the 
mountain  brush,  conifer,  and  aspen  types  at 
elevations  of  up  to  10,000  ft  (3  050  m)  (USDA 
Forest  Service  1937;  Plummer  and  others  1968). 

Lewis  flax  is  a  short-lived  forb  with  a  longe- 
vity of  5  to  7  years  (Howard  and  Jorgensen 
1980) .   Numerous  glabrous  stems  are  produced 
from  a  woody  taproot.   Plants  average  0.3  to  2.3 
ft  (0.1  to  0.7  m)  in  height,  but  may  grow  to  3 
ft  (0.9  m)  with  irrigation  (Hitchcock  and  others 
1961;  Howard  and  Jorgensen  1980).   Although  not 
highly  productive,  Lewis  flax  initiates  growth 
early  in  the  spring  and  is  used  by  livestock  and 
wildlife  (Stevens  see  footnote  1) .   It  is 
generally  highly  palatable  and  tolerant  of 
grazing.   Stems  dry  during  the  summer,  but  basal 
leaves  may  remain  green  and  are  utilized  through- 
out the  year  (USDA  Forest  Service  1937;  Plummer 
and  others  1968).   Seeds  are  consumed  by  rodents 
and  birds  (Everett  and  others  1978;  Howard  and 
Jorgensen  1980) . 

Flowering  is  indeterminate,  beginning  in  mid-May 
and  continuing  for  approximately  6  weeks  (Plummer 
and  others  1968) .   The  attractive  flowers  are 
blue  to  white,  opening  in  the  morning  and 
closing  by  afternoon.   The  petals  are  caducous, 
generally  abscissing  within  1  day  of  flowering 
(Addicott  1977).   Because  of  its  prolonged 
flowering  period  and  colorful  flowers,  Lewis 
flax  has  been  seeded  alone  or  in  mixtures  in 
roadway  plantings  and  landscaping  projects. 

The  capsules  of  Lewis  flax  contain  numerous 
seeds  and  mature  over  several  weeks  during  late 
summer  and  early  fall.   Wildland  stands  are  hand 
harvested  while  agricultural  seed  fields  are 
combined.   Seed  is  easily  cleaned.   After- 
ripening  may  be  required  to  obtain  maximum 
germination  (Eddleman  1977).   Stevens  and  others 
(1981a)  found  Lewis  flax  to  maintain  a  viability 
of  70  percent  after  storage  for  10  years  in  an 
open  warehouse.   Lewis  flax  has  been  success- 
fully seeded  in  range,  wildlife  habitat,  road- 
ways, mine  disturbance,  and  landscape  plantings. 
Seed  may  be  broadcast,  drilled,  or  interseeded 
during  the  late  fall  or  winter  months  (Stevens 
and  others  1981b).   The  vigorous  seedlings 
develop  rapidly  and  are  compatible  with  grasses, 
shrubs,  and  other  forbs  when  planted  in  mixtures 
(Plummer  and  others  1968;  Plummer  and  others 
1970;  McKenzie  and  others  1980).   Lewis  flax 
persists  well  through  natural  reseeding.   It  has 
been  one  of  the  most  successful  forbs  used  in 
aerial  seedings  on  pinyon-juniper  sites.   DePuit 
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and  Coenenberg  (1979)  and  DePuit  and  others 
(1980)  found  Lewis  flax  to  establish  better  than 
other  forbs  tested  on  coal  mine  spoils  at 
Rosebud,  Mont.   Wildings,  bareroot  or  container 
seedlings,  or  mature  plants  may  be  transplanted 
on  disturbed  sites  to  quickly  establish  a  source 
of  seed  (Plummer  and  others  1968) . 

In  1980,  'Appar'  Lewis  flax  was  released  by  the 
USDA  Forest  Service,  Intermountain  Forest  and 
Range  Experiment  Station;  USDA  Soil  Conservation 
Service,  Aberdeen  Plant  Materials  Center;  and 
the  Utah  Division  of  Wildlife  Resources.   This 
cultivar  was  named  for  A.  Perry  Plummer  who 
selected  it  from  native  stands  in  the  Black 
Hills  of  South  Dakota  for  its  appearance  and 
competitiveness  with  native  grasses.   It  is 
easily  grown  under  agricultural  conditions  and 
has  produced  up  to  700  lbs  of  seed  per  acre  (786 
kg/ha)  with  irrigation.   Appar  exhibits  wide 
adaptability  to  sites  in  the  Intermountain 
region  and  is  nontoxic.   It  is  recommended  for 
areas  receiving  from  10  to  23  inches  (25  to  58 
cm)  of  annual  precipitation  (Howard  and  Jorgensen 
1980). 


Louisiana  Sagebrush 

Louisiana  sagebrush  (Artemisia  ludoviciana)  is 
distributed  throughout  western  North  America  and 
occurs  east  to  Illinois  an  Arkansas  (Hitchcock 
and  other  1955;  Harrington  1964).   It  is  found 
on  dry,  open  sites  from  the  sagebrush  to  the 
alpine  zones.   The  subspecies  and  numerous 
ecotypes  vary  widely  in  stem  height,  leaf  color 
and  shape,  seed  production,  degree  of  rhizoma- 
tous  spread,  and  geographic  distribution. 
Louisiana  sagebrush  grows  rapidly  and  is  normally 
long-lived  and  drought  and  cold  tolerant. 
Although  its  forage  value  is  not  rated  highly, 
it  is  used  by  domestic  sheep,  mule  deer,  and 
other  game  animals  and  may  be  seasonally  impor- 
tant in  their  diets  (Hermann  1966;  McCulloch 
1973).   Monsen  (1975)  and  Monsen  and  Plummer 
(1978)  found  Louisiana  sagebrush  to  be  an  early 
invader  of  infertile  dredge  mine  disturbances  in 
central  Idaho.   Seed  or  sprigs  have  been  used  to 
plant  roadway,  logging,  and  other  disturbances 
in  this  area.   Sprigs  spread  rapidly  on  these 
sites  producing  crown  diameters  of  up  to  3  ft  (1 
m)  in  diameter  and  dense  masses  of  rhizomes  and 
fibrous  roots  during  the  first  year.3   Although 
Louisiana  sagebrush  quickly  provides  excellent 
soil  cover  and  stabilization,  it  serves  as 
a  nurse  crop,  permitting  the  establishment  and 
development  of  other  species  that  may  eventually 
dominate  the  site. 

The  acenes  of  Louisiana  sagebrush  are  tiny, 
without  appendages,  and  there  are  approximately 
3,800,000  per  lb  (8 ,360 ,000/kg) . ^   They  are 
collected  by  hand  harvesting  or  combining.   As 


''Monsen,  S.  B.  Boise,  ID:  Data  on  file  at 
Forestry  Sciences  Laboratory;  1974-82. 
^Stranathan,  S.  Meeker,  CO:  Upper  Colorado 
Environmental  Plant  Center;  1982. 


with  other  sages,  viability  of  Louisiana  sage 
seed  declines  when  stored  for  more  than  2  to  3 
years.    Seed  may  be  planted  separately  or  in 
mixtures  by  drill,  aerial,  or  broadcast  seeding 
during  the  fall  or  winter.   A  number  of  promis- 
ing collections  are  being  tested  for  possible 
release  by  the  Upper  Colorado  Environmental 
Plant  Center,  Meeker,  Colo.,  and  the  Intermoun- 
tain Forest  and  Range  Experiment  Station  for  use 
in  the  reclamation  of  mined  lands  and  other 
disturbances  in  the  Intermountain  and  Rocky 
Mountain  regions. 


Penstemon 

Many  of  the  more  than  200  species  of  penstemon 
(Penstemon)  are  native  to  western  North  America 
(USDA  Forest  Service  1937;  Hitchcock  1959; 
Hermann  1966).   Penstemons  occur  in  most  vegeta- 
tive types;  occasionally  as  nearly  pure  stands. 
Most  are  short-lived  herbaceous  species  that 
spread  well  from  seed.   A  number  of  species 
produce  evergreen  basal  leaves  that  are  used  by 
game  and  livestock  during  all  seasons.   Rhizoma- 
tously  spreading  species  are  easily  established 
from  seed  or  transplants  and  are  useful  for  soil 
stabilization.   Many  of  these  species  naturally 
colonize  disturbances.   Penstemons  are  frequently 
used  to  add  diversity  and  color  to  landscape 
plantings. 

Date  of  seed  collection  varies  with  species  and 
geographic  location.   Capsules  may  be  stripped 
from  the  plants  by  hand  or  with  a  reel-type 
harvester  or  combine.   Seeds  are  small,  easily 
cleaned,  and  usually  exhibit  high  germination, 
although  stratification  and  fall  planting  may  be 
required  to  release  the  seed  dormancy  of  some 
species  (McDonough  1969;  Wasser  1982).   Penste- 
mons also  compete  well  with  grasses  and  herbs 
and  can  be  seeded  in  mixtures  by  drilling  or 
broadcast  seeding.   If  drill  seeded,  the  equip- 
ment should  be  carefully  adjusted  to  prevent 
planting  the  seeds  too  deep. 

Bandera  Rocky  Mountain  penstemon  was  released  by 
the  Agricultural  Experiment  Stations  of  New 
Mexico  State  University  and  Colorado  State 
University,  the  New  Mexico  State  Highway  Depart- 
ment, and  the  USDA  Soil  Conservation  Service 
Plant  Material  Center,  Los  Lunas,  N.  Mex.  (Wolfe 
and  others  1982).   It  is  a  leafy  perennial  with 
a  basal  rosette  of  leaves  that  may  grow  to  a 
diameter  of  30  inches  (75  cm);  it  has  showy  blue 
to  violet  flowers  and  a  fibrous  root  system. 
Bandera  is  recommended  for  ornamental  landscaping 
and  soil  stabilization,  and  it  provides  diversity 
when  seeded  in  mixtures  on  roadways,  mines,  and 
rangelands.   Seed  or  sprigs  may  be  used  to 
establish  it  on  rocky  to  sand  loams  in  areas 
receiving  15  to  20  inches  (38  to  51  cm)  of 
annual  precipitation  and  at  elevations  ranging 
from  6,000  to  11,000  ft  (1  850  to  3  355  m) .   It 
is  recommended  for  adapted  sites  from  central 
New  Mexico  to  southern  Wyoming  and  west  to 
central  Utah. 


^Jorgensen,  K.  R.  Ephraim,  UT:  Data  on  file  at 
Great  Basin  Experimental  Area;  1982. 
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Palmer  penstemon  (Penstemon  palmeri)  is  native 
to  basic,  neutral,  or  acidic  soils  in  southern 
Utah,  Nevada,  Arizona,  and  California  at  eleva- 
tions ranging  from  3,500  to  6,000  ft  (1  070  to 
1  830  m)  (Plummer  1977;  Thornberg  1982).   It  is 
distributed  through  the  sagebrush,  blackbrush, 
and  pinyon-juniper ,  and  mountain  brush  zones  and 
quickly  invades  disturbances  within  these  areas. 
This  short-lived  (4  to  5  years)  drought-tolerant 
species  spreads  readily  from  seed  (Stevens,  see 
footnote  1) .   The  basal  rosette  of  grey-green 
leaves  remains  succulent  year  round.   Roots  are 
thick  and  fibrous.   Flowering  stalks  are  abundant 
and  grow  to  3  ft  (1  m)  in  height.   Showy  pink 
flowers  blossom  over  several  weeks.   The  species 
provides  year-round  forage  for  deer,  elk, 
antelope,  and  sheep,  receiving  greatest  use  in 
the  winter  and  spring  (Plummer  and  others  1955; 
Smith  and  Beale  1980).   It  is  an  outstanding 
ornamental  and  provides  moderate  soil  stabiliza- 
tion on  disturbances  in  arid  areas.   Abundant 
seed  production  and  ease  of  hand  collection  from 
wildland  stands  have  contributed  to  its  wide- 
spread use.   Some  seed  is  now  being  commercially 
produced  in  seed  fields.   A  selection  from  the 
Cedar  City,  Utah,  area  is  scheduled  for  release 
in  1984  by  the  Utah  Division  of  Wildlife  Resources, 
the  Intermountain  Forest  and  Range  Experiment 
Station,  and  the  USDA  Soil  Conservation  Service. 


Aster 

Approximately  250  species  of  the  genus  Aster  are 
distributed  worldwide  primarily  in  the  temperate 
regions  (Hitchcock  and  others  1955).   Sixty 
species  are  native  to  western  North  America 
(Hermann  1966).   They  are  found  on  nearly  all 
soil  types  and  in  most  plant  communities. 
Native  asters  generally  occur  mixed  with  other 
species  and  seldom  form  extensive  pure  stands. 
Species  vary  widely  in  range  of  adaptation, 
forage  value,  palatability ,  and  soil  stabiliza- 
tion potential.   Kufeld  and  others  (1973)  listed 
10  species  that  received  light  to  moderate 
summer  use  by  mule  deer  and  variable  use  during 
the  remainder  of  the  year.   Clary  an  Kruse 
(1979)  found  .A.  commutatus  to  be  a  preferred 
deer  forage  in  central  Arizona  during  dry 
summers  when  summer  annuals  failed  to  appear. 
Moderate  to  heavy  use  of  various  Aster  species 
by  elk  and  seasonal  use  by  sheep  and  antelope 
were  reported  by  Kufeld  (1973) ,  Buchanan  and 
others  (1972),  and  Smith  and  Beale  (1980). 

Pacific  aster  (Aster  chilensis  adscendens)  is  a 
long-lived  rhizomatous  forb  found  throughout  the 
Intermountain  region.   It  exhibits  a  wide  range 
of  adaptability,  occurring  in  the  sagebrush, 
mountain  brush,  and  aspen  types.   It  also  occurs 
on  such  diverse  sites  as  inland  saltgrass 
communities,  wet  meadows,  and  exposed  slopes  at 
high  elevations.   Plants  provide  early  spring 
forage  for  elk,  deer,  and  livestock,  and  are 
used  during  all  seasons.   Palatability  varies 
widely  among  populations.   The  species  spreads 
vegetatively  as  well  as  by  seed.   Monsen  and 
Plummer  (1978)  report  that  it  is  a  pioneer 
species  on  dredge  mined  sites  in  Idaho  and 
recommend  its  use  on  roadcuts  and  fills,  mine 
spoils,  and  other  disturbances. 


Seeds  of  Pacific  aster  are  gathered  by  hand  from 
wildland  stands  during  the  fall.   The  pappus  is  ■ 
removed  from  the  fruits  by  debearding.   Seed  is 
frequently  sold  at  purities  of  20  to  60  percent. 
Germinability  of  new  seed  is  generally  high,  but 
viability  declines  if  seeds  are  stored  for  more 
than  3  years  under  warehouse  conditions  (Stevens 
and  others  1981a) .   Seed  may  be  aerial  or 
broadcast  or  drill  seeded.   It  may  also  be  drill 
seeded  if  it  is  planted  at  a  shallow  depth. 
Pacific  aster  establishes  well  when  planted 
alone  or  in  mixtures.   Seedlings  are  vigorous, 
grow  rapidly  and  flower  by  the  second  year 
(Stevens  and  others  1981b) ,  providing  good 
initial  ground  cover  on  disturbed  sites.   Root 
sections  are  easily  divided  and  transplanted 
(Plummer  and  others  1968) . 


Globemallow 

Of  the  approximately  200  species  of  globemallow, 
20  are  native  to  the  western  United  States. 
These  drought-tolerant  perennial  forbs  grow 
mixed  with  other  species  from  salt  desert  shrub 
sites  to  dry  foothills  in  sagebrush  and 
pinyon-juniper  types  (USDA  Forest  Service  1937; 
Plummer  and  others  1968). 

Gooseberryleaf  globemallow  ranges  from  central 
Idaho  to  south-central  Washington  and  south  to 
Utah  and  Nevada  (Hitchcock  and  others  1961).   It 
is  a  densely  pubescent  perennial  forb  with 
ascending  branches  developing  to  2.3  ft  (0.7  m) 
in  height  from  a  stout  taproot  (Hitchcock  and 
others  1961).   It  is  common  in  the  blackbrush, 
salt  desert  shrub,  sagebrush,  and  pinyon-juniper 
and  mountain  brush  types  (Plummer  and  others 
1968) .   Gooseberryleaf  globemallow  provides  fair 
to  excellent  forage  for  antelope  (Smith  and 
Beale  1980).   Kufeld  (1973)  reported  that  it 
receives  moderate  fall  use  by  mule  deer.   Urness 
and  McCullock  (1973)  found  it  to  form  part  of 
the  winter  and  early  spring  diet  of  the  Three 
Bar  mule  deer  herd  in  central  Arizona.   Measure- 
ments of  protein  content  varied  from  10  to  20 
percent  during  this  period.   Forage  value  is  low 
to  good  for  livestock  (Hermann  1966).   Gooseberry- 
leaf globemallow  and  related  species  are  useful 
for  revegetation  projects  in  arid  areas  as  they 
are  common  invaders  of  disturbances.   Plants 
quickly  become  established,  grow  to  maturity, 
and  spread  by  seed.   They  are  valuable,  low- 
maintenance  ornamentals,  producing  numerous 
bright  orange  flowers  over  an  extended  period. 

Gooseberryleaf  globemallow  seed  matures  unevenly 
and  is  generally  collected  by  hand  in  July  or 
August.   A  reel-type  harvester  may  be  used  where 
unusually  dense  stands  are  found.   Seeds  are 
easily  cleaned  and  have  remained  viable  for  16 
years  in  warehouse  storage  (Stevens  and  others 
1981a).   Fruits  are  small,  averaging  500,000 
mericarps  per  lb  (1, 100 ,000/kg)  (Plummer  and 
others  1968).   Page  and  others  (1966)  found  the 
characteristically  low  germination  to  result 
from  a  combination  of  low  fill  and  hard  seed 
coats  impregnated  with  nonwettable  substances. 
Gooseberryleaf  globemallow  may  be  seeded  in 
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mixtures  in  the  fall  or  winter  by  broadcast  or 
drill  seeding  (Monsen  and  Plummer  1978) .   It  can 
also  be  transplanted  as  wildings  or  contain- 
erized seedlings  produced  from  seed  or  stem 
cuttings  (Plummer  and  others  1968). 

Scarlet  globemallow  (S.  coccinea)  occurs  from 
Alberta  and  Manitoba  to  northeastern  Arizona, 
Texas,  and  western  Iowa  (Harrington  1964; 
Hermann  1966) .   Its  drought  tolerance  and 
ability  to  spread  rhizomatously  make  it  parti- 
cularly useful  for  plantings  on  disturbances  in 
arid  areas  (Stevens,  see  footnote  1). 


Balsamroot 

Twelve  species  of  balsamroot  occur  in  western 
North  America  (Hermann  1966).   The  name  refers 
to  the  thickened  resinous  taproot  that  may  grow 
to  several  inches  in  diameter  and  6  ft  (2  m)  in 
length  (Spence  1937;  USDA  Forest  Service  1937). 
Arrowleaf  balsamroot  is  the  most  abundant  and 
widely  distributed  species,  ranging  from  west  of 
the  Sierra  Nevada  and  Cascade  summits  to  British 
Columbia  and  east  to  Saskatchewan  and  South 
Dakota  (Hitchcock  and  others  1955;  Hermann 
1966) .   It  exhibits  a  wide  range  of  adaptation 
and  may  be  found  growing  on  well-drained  acid  to 
alkaline  soils  from  basin  big  sagebrush  communi- 
ties to  open  ridges  and  south  and  west  aspects 
in  aspen  and  ponderosa  pine  types.   Scattered 
plants  are  found  in  more  arid  communities. 

Arrowleaf  balsamroot  is  a  long-lived  perennial 
forb.   Basal  clusters  of  coarse  grey  to  silvery 
sagittate  leaves  develop  from  the  thick  taproot. 
Flowers  are  solitary  on  stalks  of  up  to  2  ft 
(0.7  m)  in  length.   Plants  are  highly  produc- 
tive, initiating  growth  and  flowering  early  in 
the  spring.   During  this  period,  foliage  and 
seed  heads  are  utilized  by  elk,  deer,  bighorn 
sheep,  antelope,  and  other  game  animals,  as  well 
as  by  cattle  and  particularly  domestic  sheep 
(Kufeld  1973;  Kufeld  and  others  1973;  Monsen  and 
Plummer  1978;  Smith  and  Beale  1980;  Harniss  and 
Wright  1982;  Holechek  and  others  1982).   Palata- 
bility  and  use  of  the  species  varies  geographi- 
cally. 

The  foliage  dries  early  in  the  summer,  but  a  few 
basal  leaves  may  remain  green  through  late 
summer  in  moist  areas  (Stevens,  see  footnote  1). 
Dry  foliage  and  seed  heads  are  consumed  through- 
out the  year  (Trout  and  Thiessen  1973;  Kufeld 
1973;  Kufeld  and  others  1973).   The  deep  taproot 
system  provides  tolerance  to  drought,  trampling, 
and  grazing.   However,  as  spread  is  entirely  by 
seed,  heavy  grazing  will  reduce  the  number  of 
seedlings.   The  deep  taproot  and  low  initial 
growth  rate  provide  only  moderate  soil  stabili- 
zation value  (Spence  1937;  Plummer  1968). 

Seed  is  collected  from  May  to  July  by  hand  or 
with  a  reel-type  harvester  or  combine.   Large 
quantities  of  seed  are  normally  produced, 
however,  seed  crops  are  frequently  lost  to 
insects,  wildlife,  livestock,  or  frost,  and  seed 
viability  is  frequently  low  as  a  result  of 


insect  damage.   Seed  yields  of  stands  designed 
for  seed  collection  would  be  significantly 
increased  by  protection  from  grazing  or  insect 
control  measures.   Stevens  and  others  (1981a) 
found  that  the  seed  may  be  stored  under  ware- 
house conditions  for  4  to  5  years.   Arrowleaf 
balsamroot  may  be  broadcast  or  drill  seeded. 
Drilling  it  in  separate  rows  from  other  species 
in  the  mix  serves  to  reduce  competition,  maxi- 
mizing growth  and  survival.   Fall  or  winter 
plantings  are  recommended  as  Young  and  Evans 
(1979)  found  that  a  3-month  stratification  of  0° 
C  is  required  to  break  seed  dormancy.   Seed 
should  be  covered  to  prevent  losses  to  rodents. 
Compared  to  other  commonly  seeded  species, 
Everett  and  others  (1978)  found  the  seed  of 
arrowleaf  balsamroot  to  be  highly  preferred  by 
deer  mice. 

Seedlings  of  arrowleaf  balsamroot  are  persistent 
when  seeded  on  adapted  sites  and  are  compatible 
with  other  species  when  planted  in  mixtures. 
However,  the  plants  develop  slowly  and  do  not 
provide  good  cover  or  forage  for  5  to  10  years 
following  planting.   Seedlings  of  arrowleaf 
balsamroot  are  not  easily  transplanted  (Plummer 
and  others  1968). 

Other  species  of  Balsamorhiza  exhibit  character- 
istics similar  to  arrowleaf  balsamroot,  but  are 
more  limited  in  distribution.   Most  are  used 
early  in  the  spring,  but  palatability  varies 
among  species  and  ecotypes.   Cutleaf  balsamroot 
(_B.  macrophylla)  is  often  planted  at  higher 
elevations  and  under  more  moist  conditions  than 
arrowleaf  balsamroot.   Hairy  balsamroot  (13. 
hirsuta)  develops  much  more  rapidly  than  other 
species,  but  is  usually  limited  to  the  under- 
story  of  mountain  brush  communities. 


CONCLUSIONS 

Nonleguminous  forbs  may  be  seeded  to  improve 
diversity,  forage  production,  length  of  growing 
season,  aesthetics  and  soil  stability  of  range- 
land  sites.   Forbs  may  be  selected  from  species 
and  ecotypes  indigenous  to  the  planting  area. 
Management  of  local  stands  may  be  required  to 
insure  the  production  of  adequate  quantities  of 
seed.   Alternatively,  seed  of  improved  varieties 
of  an  increasing  number  of  commonly  used  species 
are  being  grown  in  agricultural  fields  with  more 
reliable  seed  supplies  resulting.   Nurseries  are 
propagating  transplant  stock  of  a  wide  array  of 
species  from  seed  or  cuttings  for  use  when  site 
stabilization,  aesthetic  improvements,  or  the 
rapid  establishment  of  a  seed  source  are  required. 

Advances  in  seed  collection  and  processing, 
improved  propagation  techniques,  and  increased 
knowledge  of  seed  germination  requirements  have 
evolved  from  recent  research,  forb  selection 
programs,  and  agricultural  production  of  forb 
seed.   Further  advances  in  the  use  of  forbs  for 
rangeland  restoration  require  improved  seed 
quality  and  understanding  of  seeding  require- 
ments, and  seedling  emergence  and  establishment. 
Careful  attention  to  interaction  of  forbs  with 
other  species  and  microsite  conditions  and  their 
response  to  use  is  needed  to  facilitate  manage- 
ment of  seeded  stands. 
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SOME  PROMISING  CHENOPODS  FOR  USE  ON  DISTURBED  LANDS 
Howard  C.  Stutz 


ABSTRACT:  Some  of  the  harshest  sites  in  western 
North  America  are  occupied  solely  by  members  of 
the  family  Chenopodiaceae.   Because  of  the 
aoundant  genetic  variation  present  in  many  of  the 
species,  there  is  good  opportunity  for  deliberate 
breeding  and  selection  of  superior  forms.   This 
is  particularly  true  of  Atriplex  which  has 
experienced  an  explosive  evolution  during  recent 
years,  yielding  numerous  forms  uniquely  adapted 
to  specific  sites. 


INTRODUCTION 

Thousands  of  acres  of  salt  desert  in  western 
North  America  are  occupied  solely  by  plants 
belonging  to  the  family  Chenopodiaceae.   In  some 
places  the  Chenopod  landscape  is  small  —  on  the 
order  of  one  hundred  acres  (40  ha)  or  less.   More 
often  it  is  so  extensive  that  one  can  travel  all 
day  by  automobile  without  seeing  anything  but 
Chenopods.   In  total,  more  than  300  million 
acres  (120  million  ha)  in  western  North  America 
are  dominated  by  these  remarkable  plants. 

The  reasons  for  the  superior  performance  of 
Chenopods  are  not  well  known  but  must  include 
attributes  which  permit  accommodation  of  both 
climatological  drought  resulting  from  low  levels 
of  precipitation,  and  physiological  drought 
caused  by  high  salt  content  of  soils.   Some 
species  excrete  salt  externally  on  the  surface  of 
leaves  (Osmond  and  others  1980;  Mozafar  and 
Gooden  1970;  Hill  and  Hill  1976).   Some  adjust 
by  increasing  succulence  (Black  1958) .   Some 
species  circumvent  challenges  by  becoming  dormant 
during  periods  of  stress.   Some  apparently  obtain 
physiological  advantages  from  saline  environments 
(Ashley  and  Beadle  1957;  Caldwell  1974). 

There  are  seven  principal  genera  of  perennial 
Chenopods  in  western  North  America:   Atriplex, 
Ceratoides,  Grayia,  Kochia,  Sarcobatus,  Suaeda 
and  Zuckia. 


Genus 
Atriplex 


Ceratoides 

Grayia 

Kochia 

Sarcobatus 

Suaeda 

Zuckia 


Species 
more  than  20  named  species  and  at 
least  that  many  more  to  be  yet 
named 
£.  lanata 

G.  brandegei,  G_.  spinosa 
K.    americana 

_S.  vermiculatus,  S.  baileyi 
S^.  f ruticosa 
Z.  arizonica 


Howard  C.  Stutz  is  Professor  of  Botany  and 
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Science,  Brigham  Young  University,  Provo,  Utah. 


Of  these,  Atriplex  is  the  only  one  in  which  there 
has  been  an  explosive  eruption  of  species.   Each 
of  the  other  genera  only  have  one  or  two  species 
as  follows: 


CERATOIDES 

C.  lanata  (winterfat)  is  a  highly  variable 
species  but  primarily  at  the  genie  level;  all,  so 
far  examined,  are  diploid  except  one  population 
of  tetraploids  in  central  Colorado.  Winterfat 
grows  throughout  all  of  western  North  America  from 
Alaska  to  Mexico.   Some  forms  grow  to  more  than 
three  feet  (one  meter) ;  most  are  less  than  one 
foot  (30  cm)  tall. 

Because  of  its  extensive  genetic  variation, 
potential  for  improvement  by  breeding  is  very 
promising. 


GRAYIA 

G.  brandegei  is  narrowly  distributed  in  southern 
Wyoming,  western  Colorado,  southeastern  Utah  and 
northeastern  Arizona.   It  is  found  almost 
exclusively  on  talus  and  steep  mud  slopes. 
Variations  in  stature  and  leaf  size  are  dramatic 
but  no  genetic  studies  have  yet  been  made  to 
disclose  the  bases  for  these  or  other 
differences.   So  far,  only  diploid  chromosome 
numbers  have  been  found. 

Grayia  brandegei  is  very  different  from  G_. 
spinosa  but  very  much  like  Zuckia  arizonica  and 
therefore  would  probably  best  be  changed  to  Z. 
brandegei. 

G.  spinosa  (Hook.)  Moq.  (Spiny  Hop-sage)  is  an 
important  range  plant  throughout  much  of  Utah, 
Nevada,  Colorado,  Idaho,  Wyoming  and  eastern  parts 
of  California,  Oregon  and  Washington.   Variations 
expressed  between  natural  populations  suggest 
promise  for  improvements  by  breeding  and 
selection. 


KOCHIA 

K.    americana  Wats.  (Green  Molly)  is  usually 
considered  to  be  the  only  perennial  species  of 
Kochia  in  North  America  although  some  authors 
recognize  K.  californica  as  a  distinct  species 
with  smaller  leaves  and  more  spreading  habit.   K. 
americana  occupies  extremely  harsh  environments 
which  are  usually  dry  and  alkaline.   It  is 
apparently  quite  uniform  genetically  and  hence 
not  amenable  to  much  improvement  by  genetic 
manipulation. 
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SARCOBATUS 

S.  baileyi  Cov.  grows  only  in  western  Nevada  and 
east-central  Utah.   It  is  generally  not  listed  as 
an  important  range  plant  but  because  of  its 
capacity  to  accommodate  severely  harsh 
environments,  it  deserves  more  consideration.   It 
occurs  in  almost  pure  stands,  sometimes  covering 
thousands  of  acres,  on  dry  gravelly  soils.   It 
appears  to  express  very  little  genetic  variation 
so  may  be  unsuited  for  much  genetic  improvement. 

S.  vermiculatus  (Hook.)  Torr.  (Greasewood)  is  a 
highly  variable  species  growing  mostly  in 
bottomlands  in  heavy  clay  soils  but  often  extends 
up  even  steep  hillsides,  particularly  where  there 
is  seepage  and/or  saline  soils.   It  is  endemic  to 
western  United  States  and  Canada.   It  is  most 
abundant  in  the  Great  Basin  but  extends  northward 
to  southern  Alberta  and  eastern  Oregon  and 
Washington,  and  southward  to  Arizona  and  Texas. 
Two  chromosome  races  (4N  and  8N)  have  been 
detected  thus  far  but  have  not  been  shown  to  be 
correlated  with  morphology  nor  ecological 
preference.   Although  generally  considered  a 
nuisance  plant  in  some  areas,  it  is  sometimes 
highly  prized  for  forage,  particularly  where  it  is 
associated  with  other  species  which  provide 
dietary  variety. 


SUAEDA 

_S.  f ruticosa  (L.)  Forsk  (seepweed)  is  common  in 
moist  saline  bottomlands  throughout  western  North 
America  from  Alberta  to  Mexico  and  also 
throughout  much  of  Europe  and  the  Middle  East. 
Some  authors  have  referred  to  the  American  form 
as  S^.  torreyana  Wats.  ,  but  there  appears  to  be  no 
consistent  differences  which  will  delineate  it 
from  the  old  world  form.   There  is  considerable 
variation  within  the  species,  particularly  in 
habit  and  in  edaphic  restrictions.   Most  plants 
are  15-30  inches  (38-76  cm)  at  maturity  but  some 
have  been  reported  at  more  than  6  feet  (2  meters) 
in  height,  while  other  populations  consist  of 
plants  which  are  no  more  than  8  inches  (20  cm) 
in  height.   Most  grow  on  heavy  clay  soils  but 
many  populations  occur  on  sands. 

Very  little  attention  has  been  given  to  the 
genetics  of  Suaeda  but  because  of  its  abundance 
inherent  genetic  variation,  it  should  be  possible 
to  prepare  genotypes  which  would  be  suitable  for 
use  on  many  range  sites. 


ZUCKIA 

Z.    arizonica  Standi,  has  until  recently  been 
thought  to  be  endemic  to  northwestern  Arizona  but 
it  is  also  common  in  many  parts  of  Utah.   It  has 
apparently  escaped  attention  because  of  its 
superficial  resemblance  to  Grayia  brandegei.   It 
has  also  been  collected  and  deposited  in  herbaria 
as  Atriplex.   However  it  is  a  very  distinctive 
species  and  because  of  its  tolerance  of  extremely 
harsh  environments  deserves  our  attention.   It  is 
found  mostly  on  shallow  sandy  soils  as  scattered, 


widely  spaced  bushes  with  very  little  else  growing 
with  it.   It  appears  to  be  genetically  quite 
uniform  so  probably  offers  little  promise  for 
development  for  use  on  other  sites. 


ATRIPLEX 

Atriplex  is  so  genetically  rich  and 
evolutionarily  explosive,  it  is  difficult  to 
become  acquainted  with  the  component  species 
except  within  an  evolutionary  and  genealogical 
context.   Although  much  is  yet  to  be  studied 
before  a  completely  valid  interpretation  can  be 
formulated,  it  is  possible,  from  what  we  do  know 
to  identify  some  highly  probable  biogeographical 
history  to  accommodate  most  of  the  recognizable 
variations. 

It  appears  that  during  the  Pleistocene,  Atriplex 
canescens  (four-wing  saltbush)  existed  in  the 
diploid  form  throughout  much  of  the  southern 
Mojave  and  northern  Sonoran  deserts.   Tetraploids 
were  most  common  east  of  the  Rockies  in  what  was 
probably  an  ice  free  corridor.   Following  the 
demise  of  Pleistocene  Lakes  10-12,000  years  ago, 
tetraploid  forms  derived  from  the  warm  desert 
diploids  migrated  northward  into  the  Great  Basin 
and  other  intermountain  terrain.   This  northward 
migration  is  apparently  still  in  progress  and  can 
be  witnessed  at  several  advancing  fronts.   It  (4N 
A,  canescens)  has  arrived  at  Pocatello,  Idaho  but 
not  at  Blackfoot  nor  Idaho  Falls.   It  has  marched 
to  the  Snake  River  near  Boise,  Idaho  but  has  only 
rarely  crossed  it.   It  is  at  Marsing,  Idaho  and 
Ontario,  Oregon,  but  not  yet  to  Weiser. 

These  tetraploids  which  have  just  recently 
migrated  northward  to  occupy  much  of  New  Mexico, 
Arizona,  Utah,  Nevada,  California,  southern 
Oregon,  southern  Idaho  and  western  Colorado 
appear  to  be  genetically  distinct  from  the  more 
ancient  forms  which  reside  east  of  the  Rockies. 

During  their  northward  migration,  A.  canescens 
came  in  contact  with  other  Atriplex  species  with 
which  it  has  hybridized  to  produce  numerous  new 
adaptive  products  which  are  now  expanding  to  fill 
unique  habitats.   Among  the  most  fruitful  of  these 
interspecific  hybrids  have  been  A.  canescens  x  A. 
tridentata ,  A.  canescens  x  A.  falcata  and  A. 
canescens  x  A.  polycarpa. 

A.  canescens  east  of  the  Rockies  hybridized  with 
A.  gardneri  to  give  an  array  of  hybrid  products 
collectively  referred  to  as  A.  aptera  ("Wytana" 
saltbush  is  one  of  these  products) . 

Another  important  species  which  has  had 
phenomenal  success  since  the  disappearance  of  the 
Pleistocene  lakes  is  A.  confertif olia 
(shadscale).   During  the  Pleistocene  it  apparently 
existed  in  the  diploid  form  throughout  much  of 
the  Intermountain  West,  above  the  lakes  and 
northeast  of  the  montane  glaciers  in  ice-free 
tablelands.   With  the  disappearance  of  the  lakes, 
tetraploid  forms  derived  from  the  resident 
diploids  spread  into  the  empty  valleyt  as;  immerse 
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monoculture  populations,  occupying  the  vast 
domains  left  exposed  as  the  waters  receded. 
Octoploids  and  decaploids  followed,  also 
occupying  extensive  acreages  left  exposed  as  the 
lakes  dried  up. 

Hybridization  of  A.  confertifold  a  and  A. 
canescens  has  provided  introgressant  populations 
having  improved  genetic  capabilities  but  no 
distinct  taxon  has  yet  been  found. 

While  A.  canescens  was  migrating  from  the  south 
and  A.  confertifolia  was  expanding  into  newly 
exposed  domains,  a  battery  of  other  Atriplex  taxa 
were  entering  this  same  arena  from  the  north.   A. 
canadensis  sp.  nov. ,  a  common  diploid  species  in 
Alberta  and  Saskatchewan,  apparently  gave  rise  to 
at  least  tnree  other  distinct  taxa:   A.  falcata, 
A_.  gardneri  and  A.  tridentata.   Each  of  these 
grade  almost  imperceptably  into  A.  canadensis  but 
separate  neatly  into  distinct  entities  as  they 
move  further  and  further  south. 

A_.    falcata  occurs  mainly  as  a  diploid  form 
throughout  southern  and  eastern  Oregon,  southern 
Idaho,  southern  Wyoming,  western  Utah  and  much  of 
Nevada.   It  usually  occurs  in  monoculture 
populations  of  ca  5  to  30  acres  (2  to  13  ha)  on 
sandy  loam  soils.   Sharp  contact  boundaries 
usually  separate  it  from  Artemisia  tridentata, 
Ceratoides  lanata,  Sarcobatus  vermiculatus  or 
other  species  of  Atriplex.   Although  mostly 
diploid,  both  tetraploid  and  hexaploid  forms  are 
also  known. 

A.  gardneri  is  abundant  throughout  Wyoming, 
Montana,  and  North  and  South  Dakota  west  of  the 
Missouri  River.   It  occurs  mostly  in  the 
tetraploid  form  although  diploids  are  quite 
common,  particularly  on  harsher  sites. 
Throughout  much  of  its  territory  A.  gardneri 
contacts  and  hybridizes  with  A.  canescens 
yielding,  in  many  instances,  the  hybrid 
derivative  A.  aptera. 

A^  tridentata  occurs  as  diploids,  tetraploids  and 
hexaploids  but  it  is  only  at  the  hexaploid  level 
that  it  has  been  phenomonally  successful.   This 
is  the  form  which  occupies  thousands  of  acres  of 
the  saline  bottomlands  of  old  Lake  Bonneville. 
It  is  a  vigorous  root-sprouter  which  may  account 
for  some  of  its  success  in  competing  for  these 
rich,  albeit  saline,  territories.   Its  contact 
and  subsequent  hybridization  with  A.  canescens 
has  yielded  several  new  exciting  hybrid 
derivatives.   Hybrids  with  A.  confertifolia  are 
also  common,  and  although  less  conspicuous  than 
those  derived  from  hybridizing  with  A.  canescens, 
may  be  responsible  for  some  of  its  extensive 
variation  and  also  perhaps  for  some  of  the 
variation  found  in  A.    confertifolia. 

Besides  this  evolutionarily  explosive  eruption  of 
Atriplex  in  the  Great  Basin  brought  about  by  the 
intermingling  and  hybridization  of  taxa  which 
recently  migrated  in  from  both  the  north  and  the 
south,  together  with  those  which  were  already 
resident,  other  forms  have  evolved  elsewhere  in 


western  North  America.   In  the  Colorado  River 
drainage  of  eastern  Utah  and  western  Colorado  a 
number  of  unique  diploid  species  have  combined  in 
various  combinations  to  produce  new  highly 
adaptive  taxa.   Also  chromosome  races  of  many 
species  have  emerged  in  response  to  major 
ecological  variations. 

In  eastern  Utah  and  western  Colorado  tetraploid 
Atriplex  cuneata  appears  to  have  arisen  several 
times  as  an  allopolyploid  from  different 
combinations  of  various  diploid  species  as  well  as 
an  autopolyploid  from  A.  ancestrale  sp.  nova.   A. 
corrugata  occurs  here  also  in  both  diploid  and 
tetraploid  forms. 

In  the  southern  deserts,  mostly  south  of  37° 
latitude,  several  other  Atriplex  species  dominate 
many  areas.   7A.  obovata  is  common  throughout 
Arizona,  New  Mexico,  Chihuahua  and  Sonora. 
Although  of  lower  palatability  than  most  other 
species  of  Atriplex,  it  is  a  highly  important 
range  plant,  partly  because  in  many  places  it  is 
almost  the  only  species  which  can  accommodate  the 
harsh,  warm,  saline  deserts.   In  some  respects  it 
is  the  southern  counterpart  of  A.  tridentata  to 
the  north  in  that  it  is  an  upright  subshrub,  a 
vigorous  root-sprouter  and  grows  mostly  in  heavy 
clay  soils. 

Hybrids  between  A.  obovata  and  A.  canescens  are 
not  common  but  when  they  do  occur,  hybrid  swarms 
and  segregating  backcross  progeny  are  common. 
Some  of  these  have  proven  to  be  very  valuable  in 
use  on  mine  spoils  in  northern  New  Mexico. 

_A.  polycarpa  is  one  of  the  most  drought  tolerant 
of  all  Atriplex  species.   It  is  common  throughout 
the  Mojave  Desert  and  down  into  many  parts  of 
Mexico  including  most  of  Baja  California.   Its 
interest  to  range  managers  to  the  north  comes  from 
its  potential  for  increasing  drought  tolerance  in 
cold  tolerant  species.   In  many  places  it 
hybridizes  rather  freely  with  A.  canescens 
yielding  fertile  hybrids  and  hybrid  segregants. 
An  important  derivative  from  these  hybrids  is  A. 
laciniata ,  a  remarkably  promising  species  found  in 
many  places  throughout  the  Mojave  Desert. 

There  are  several  other  important,  well  known 
species  of  Atriplex  in  western  North  America  and 
they  too  demonstrate  the  unusual  propensity  for 
rapid  evolution  and  hence  the  promise  for  almost 
unlimited  opportunity  for  improvement  through 
breeding  and  selection.   Because  most  species  of 
Atriplex  are  available  in  several  chromosome 
races,  readily  hybridize  with  others  upon  contact 
and  are  mostly  cross-pollinated,  their  genetic 
base  is  phenomonally  rich.   They  are  remarkably 
adapted  to  accommodate  almost  all  of  the  existing 
challenges  presented  by  the  deserts  of  western 
north  America  and  because  of  their  rich  genetic 
heritage  can  provide  new  permutations  suitable 
for  accommodating  almost  any  conceivable  new 
challenge.   Probably  no  other  group  of  plants 
could  offer  more  potential  for  genetic 
manipulation. 
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USE  OF  ROSACEOUS  SHRUBS  FOR  WILDLAND  PLANTINGS  IN  THE  INTERMOUNTAIN  WEST 

Robert  B.  Ferguson 


ABSTRACT:   This  paper  summarizes  information  on 
Rosaceous  shrubs  to  assist  range  or  wildlife 
managers  in  planning  range  improvement  projects. 
Species  from  at  least  16  different  genera  of  the 
Rosaceae  family  have  been  used,  or  are 
potentially  useful,  for  revegetating  disturbed 
wildlands  in  the  Intermountain  West. 
Information  is  given  on  form  and  rate  of  growth, 
reproduction,  longevity,  and  geographical 
distribution  of  useful  Rosaceous  shrubs. 
Information  is  also  presented  on  forage  value, 
response  to  fire  and  herbicides,  and  the  effects 
of  insects  and  disease.   Finally,  methods  used 
for  the  establishment  of  the  Rosaceous  shrubs 
are  described. 


INTRODUCTION 

William  A.  Dayton  (1931),  early  plant  ecologist 
of  the  Forest  Service,  stated,  "The  rose  group 
(Rosaceae)  is,  with  the  possible  exception  of 
the  composites,  the  most  widely  developed  shrub 
family  in  the  west  and  all  things  considered,  is 
perhaps  the  most  important  as  range  browse." 
Robinette  (1972),  citing  Martin  and  others 
(1951) ,  listed  18  genera  of  shrubs  widely  used 
for  food  and  the  numbers  of  wildlife  species 
known  to  use  them.   The  genera  Rubus,  Prunus, 
and  Amelanchier  ranked  first,  second,  and 
seventh  in  that  list,  respectively. 

Following  World  War  II,  range  and  wildlife 
managers  in  several  Western  States  realized  the 
need  to  increase  the  availability  of  browse  on 
numerous  deer  winter  range  areas.   In  the  1950' s 
and  1960's  much  of  the  research  on  artificial 
revegetation  of  depleted  game  ranges  dealt  with 
antelope  bitterbrush  (Purshia  tridentata  [Pursh] 
DC).   Holmgren  (1956)  noted  that  of  several 
browse  species  adapted  for  survival  on 
southwestern  Idaho  big  game  winter  ranges, 
bitterbrush  showed  the  most  promise  for  range 
rehabilitation.   He  noted  that  attempts  to 
establish  bitterbrush  in  southwestern  Idaho  had 
been  made  almost  every  year  since  1937. 
Research  on  bitterbrush  was  also  carried  out  in 
California  (Hubbard  and  others  1959)  ,  Oregon 
(Stanton  1959),  Utah  (Plummer  and  others  1957), 
and  Washington  (Brown  and  Martinsen  1959). 
Basile  (1967)  compiled  an  annotated  bibliography 
of  numerous  bitterbrush  studies  to  aid  in 
research  and  management. 
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While  many  of  the  early  efforts  to  use  shrub 
species  in  artificial  revegetation  centered  on 
bitterbrush,  other  members  of  the  Rosaceae  were 
being  studied  and  recommended.   Plummer  and 
others  (1968)  listed  species  that  could  be  used 
in  revegetation  programs  in  Utah,  including  true 
mountain  mahogany  (Cercocarpus  montanus  Raf.), 
curlleaf  mountain  mahogany  (C.  ledif olius 
Nutt.),  cliffrose  (Cowania  mexicana  var. 
stansburiana  [Torr.]  Jeps.),  desert  bitterbrush 
(Purshia  glandulosa  Curran) ,  Saskatoon 
serviceberry  (Amelanchier  alnifolia  Nutt.),  Utah 
serviceberry  (A.  utahensis  Koehne) ,  Woods  rose 
(Rosa  woodsii  Lindl.),  apache  plume  (Fallugia 
paradoxa  [D.  Don]  Endl.),  black  chokecherry 
(Prunus  virginiana  L.  var.  melanocarpa  [A. 
Nels.]  Sarg.),  desert  peachbrush  (P.  fasciculata 
[Torr.  ]  Gray)  ,  American  plum  (JP.  americana 
Marsh)  ,  squawapple  (Peraphyllum  ramosissimum 
Nutt.),  and  bush  cinquefoil  (Potentilla 
f ruticosa  L.).   Holmgren  (1954)  listed  curlleaf 
mountain  mahogany,  Saskatoon  serviceberry,  and 
black  chokecherry,  in  addition  to  antelope 
bitterbrush,  as  potentially  useful  species  on 
the  Payette  River  deer  winter  range  in  Idaho. 
Brown  and  Martinsen  (1959)  concluded  that 
antelope  bitterbrush,  black  chokecherry, 
American  plum,  and  Douglas  hawthorn  (Crataegus 
douglasii  Lindl.)  were  the  most  promising  of  the 
native  rosaceous  shrubs  for  planting  on  big  game 
winter  range  in  Washington,  with  several  other 
species  of  Prunus  and  one  species  of  rose  also 
recommended  for  dryland  sites. 

Since  about  1946,  the  plant  genera  named  above 
have  been  used  more  than  any  others  in  the  rose 
family  in  attempts  to  revegetate  depleted  game 
ranges  and  other  disturbed  sites  in  the  western 
United  States.   However,  several  other  genera  of 
the  Rosaceae  could  be  used  to  good  advantage  on 
specific  sites,  including  Rubus,  Sorbus, 
Spiraea,  Holodiscus ,  Physocarpus ,  and  Crataegus. 

This  paper  summarizes  information  on  these 
Rosaceous  shrubs  to  assist  the  range  or  wildlife 
manager  in  planning  range  improvement  projects. 
Because  numerous  plant  names  are  mentioned,  a 
list  of  scientific  names,  and  associated  common 
names,  is  given  in  table  1. 


BOTANICAL  CHARACTERISTICS 

The  shrubs  of  the  rose  family  discussed  herein 
all  have  five  petals  and  five  sepals,  and 
alternate  leaf  arrangement.   The  flowers  have 
numerous  stamens  and  both  male  and  female  parts 
(except  in  some  species  of  the  genus  Rubus  that 
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Table  1. — Scientific  and  common  names  of  plants  mentioned  in  this  paper. 


Scientific  name 


Common  name 


Agropyron  desertorum  (Fisch.)  Schult. 

Amelanchier  alnifolia  Nutt. 

Amelanchier  oreophila  A.  Nels. 

Amelanchier  utahensis  Koehne 

Bromus  tectorum  L. 

Cercocarpus  intricatus  S.  Wats 

Cercocarpus  ledif olius  Nutt. 

Cercocarpus  montanus  Ra f . 

Cowania  mexicana  var.  stansburiana  (Torr.)  Jeps. 

Crataegus  douglasii  Lindl. 

Fallugia  paradoxa  (D.  Don)  Endl. 

Holodiscus  discolor  (Pursh)  Maxim 

Holodiscus  dumosus  (Hook.)  Heller 

Malus  seiboldi  (Reg.)  Rehd. 

Peraphyllum  ramosissimum  Nutt. 

Physocarpus  alternans  (Jones)  T.  J.  Howell 

Physocarpus  capitatus  (Pursh)  Kuntze 

Physocarpus  intermedius  (Rydb.)  Schneid. 

Physocarpus  malvaceous  (Greene)  Kuntze 

Physocarpus  monogynus  (Torr.)  Coult. 

Potentilla  f ruticosa  L. 

Prunus  americana  Marsh 

Prunus  andersonii  Gray 

Prunus  besseyi  Bailey 

Prunus  emarginata  (Dougl.)  Walp. 

Prunus  fasciculata  (Torr.)  Gray 

Prunus  munsoniana  Bailey 

Prunus  virginiana  L.  var.  demissa  (Nutt.) 

Prunus  virginiana  L.  var.  melanocarpa  (A.  Nels.)  Sarg. 

Purshia  glandulosa  Curran 

Purshia  tridentata  (Pursh)  DC. 

Rosa  acicularis  Lindl. 

Rosa  arkansana  Porter 


Rosa  gymnocarpa  Nutt. 
Rosa  nutkana  Presl. 
Rosa  woodsii  Lindl. 


Rub us  leucodermis  Dougl. 
Rubus  parvif lorus  Nu 1 1 . 
Sorbus  scopulina  Greene 
Sorbus  sitchensis  Roemer 
Spiraea  betulifolia  Pall. 
Spiraea  densif lora  Nutt. 
Spiraea  douglasii  Hook 


desert  wheatgrass 

Saskatoon  serviceberry 

mountain  serviceberry 

Utah  serviceberry 

cheatgrass 

littleleaf  mountain  mahogany 

curlleaf  mountain  mahogany 

true  mountain  mahogany 

Cliffrose 

Douglas  hawthorn 

apache  plume 

oceanspray 

bush  oceanspray 

Toringo  crabapple 

squawapple 

dwarf  ninebark 

Pacific  ninebark 

Illinois  ninebark 

mallow  ninebark 

mountain  ninebark 

bush  cinquefoil 

American  plum 

Anderson  peachbrush 

Bessey  cherry 

bittercherry 

desert  peachbrush 

wild  goose  plum 

western  chokecherry 

black  chokecherry 

desert  bitterbrush 

antelope  bitterbrush 

prickly  rose 

Arkansas  rose 

baldhip  rose 

Nootka  rose 

Woods  rose 

blackcap 

thimbleberry 

Greenes  mountain  ash 

Sitka  mountain  ash 

shiny-leaf  spirea 

subalpine  spirea 

Douglas  spirea 


have  male  and  female  flowers  on  separate 
plants).   Table  2  gives  additional  information 
on  flowers,  fruit,  leaves,  height,  and  ecotypic 
variation. 

Growth  form  varies  from  almost  viney  in  some 
species  of  Rubus  to  small  trees  in  serviceberry, 
chokecherry,  bittercherry  (Prunus  emarginata 
[Dougl.]  Walp.),  hawthorn,  and  mountain  ash 
(Sorbus) .   However,  most  species  occur  as 
multiple-stemmed  shrubs,  with  some 
(bittercherry,  spirea,  and  ninebark)  forming 
dense  clumps.   In  the  genus  Purshia  some 
ecotypes  of  antelope  bitterbrush  are  nearly 
prostrate,  while  others  are  entirely  erect  in 
form.   The  most  useful  of  the  wild  roses  also 
tend  to  exhibit  an  erect  habit. 

As  seedlings,  and  often  during  the  first  2  or  3 
years  of  life,  the  rosaceous  shrubs  are  slower 


growing  than  other  plant  species  used  in 
revegetation  projects,  such  as  many  of  the 
Chenopods  and  Composites.   Curlleaf  mountain 
mahogany  exhibits  rapid  root  elongation 
following  seedling  emergence — 3.7  ft  (1.1  m)  in 
4  months.   The  top,  however,  may  reach  a  height 
of  only  1  to  2  inches  (2.5  to  5  cm)  the  first 
season  (Dealy  1975).   After  becoming  well 
established,  growth  of  some  species  can  be  quite 
rapid  on  good  sites.   Medin  and  Ferguson  (1980) 
observed  current  shoot  lengths  of  20  to  31 
inches  (50  to  80  cm)  on  many  young  antelope 
bitterbrush  shrubs  in  southwestern  Idaho  in 
1967. 

The  life  span  probably  varies  from  10  to  20 
years  for  species  of  Rubus  to  over  150  years  for 
curlleaf  mountain  mahogany,  antelope 
bitterbrush,  and  cliffrose.   Very  little 
information  on  longevity  is  available  in  the 
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Table  2. — Some  botanical  characteristics  of  important  genera  of  Rosaceae 


Flowers 

Fruit 

Leaves 

Maximum  hei 

ght 

Recognized  ecotypes 

Amelanchier 

W 

R 

P 

S,D 

25' 

Yes 

Cercocarpus 

— 

S 

A 

S,D- 

E 

25' 

Yes 

Cowania 

W-Y 

S 

A 

S,E 

15' 

Yes 

Crataegus 

W-Re 

Co 

P 

S,D 

35' 

No 

Fallugia 

W 

S 

A 

S,E 

7' 

No 

Holodiscus 

w 

P 

A 

S,D 

10' 

No 

Peraphyllum 

W-Pi 

S 

P 

S,D 

7' 

No 

Physocarpus 

W 

Co 

F 

S,D 

7' 

No 

Potentilla 

Y 

cy 

A 

C,E 

4' 

No 

Prunus 

W 

R 

D 

S,D 

30' 

Yes 

Purshia 

Y 

S 

A 

S,D- 

E 

13' 

Yes 

Rosa 

Re-Ro 

S-Cy 

A 

C,D 

10' 

Yes 

Rub  us 

W 

R-Cy 

Ag 

C,D 

8' 

No 

Sorbus 

W 

cy 

P 

C,D 

20' 

No 

Spiraea 

W-Re 

P 

F 

S,D 

8' 

No 

Key  to  botanical  characteristics: 

Flowers:   Pi  =  pink,  Re  =  red,  Ro  =  rose,  W  =  white,  Y  =  yellow,  Co  =  corymb,  Cy  =  cyme,  P  =  panicle, 
R  =  raceme,  S  =  solitary 

Fruit:    A  =  achene,  Ag  =  aggregate,  D  =  drupe,  F  =  follicle,  P  =  pome 

Leaves:    C  =  compound,  D  =  deciduous,  E  =  evergreen,  S  =  simple 


literature.   Nord  (1959)  reported  a  maximum  age 
of  160  years  for  antelope  bitterbrush  in 
California.   Brotherson  and  others  (1980)  found 
true  mountain  mahogany  54  years  of  age  in 
samples  taken  in  the  Uintah  Basin  of  Utah,  and 
curlleaf  mountain  mahogany  168  years  of  age  in  a 
sampled  population  in  central  Utah.   Scheldt  and 
Tisdale  (1970)  reported  that  ages  of  curlleaf 
mountain  mahogany  in  Idaho  ranged  up  to  150 
years,  but  that  stems  older  than  this  had  rotten 
cores  that  made  accurate  aging  impossible. 

With  some  notable  exceptions  most  natural 
reproduction  of  the  rosaceous  shrubs  is  from 
seed.   Seed  size  ranges  from  the  very  small  seed 
of  ninebark  (Physocarpus) ,  oceanspray 
(Holodiscus) ,  and  spirea  (Spiraea)  (millions  per 
pound)  to  the  stones  of  the  species  of  cherries 
(2,000  to  7,000  per  pound).   Excellent 
information  on  seed  characteristics  is  given  in 
Schopmyer  (1974).   Although  seeds  of  most  of  the 
larger-seeded  species  are  palatable  to  rodents, 
these  animals  often  aid  plant  establishment  by 
burying  seed  in  caches  that  provide  sites  for 
seed  germination.   This  has  been  noted 
especially  with  antelope  bitterbrush  (Hormay 
1943;  Nord  1959;  Stanton  1959;  and  Everett  and 
Kulla  1976).   Wild  roses,  bittercherry ,  the 
chokecherries,  apache  plume,  and  the  spireas  all 
spread  by  root  suckers  and  can  be  found  in  dense 
clumps.   Some  ecotypes  of  antelope  bitterbrush 
have  been  observed  to  layer  when  lower  branches 
are  covered  with  soil.   Table  3  summarizes  the 
vegetative  reproduction  habit  of  some  rosaceous 
species. 

Hybridization  is  common  among  species  of  the 
genera  Purshia,  Cercocarpus,  Rosa, 


Amelanchier,  and  Crataegus.   Stutz  (1972) 
discusses  mutations  and  hybridization  in 
Cercocarpus  and  hybridization  between  Purshia 
tridentata  and  Cowania.   Koehler  and  Smith 
(1981)  describe  hybrids  of  Cowania  and  Purshia 
glandulosa.   Blauer  and  others  (1975)  discuss 
hybridization  in  Amelanchier,  Cercocarpus , 
Purshia ,  and  Rosa,  and  between  Cowania  and 
Purshia  and  between  Cowania  and  Fallugia. 


GEOGRAPHIC  DISTRIBUTION 

Figures  1  and  2  show  the  generalized  ranges  of 
17  species  of  shrubs  in  the  Rose  family.   As  the 
specific  ranges  of  these  species  become  better 
known,  outlying  extensions  are  to  be  expected. 

In  the  genus  Prunus ,  bittercherry  is  confined  to 
the  Northwestern  United  States  and  portions  of 
California,  whereas  the  chokecherries  are  found 
in  the  mountains  of  the  entire  West  except  for 
the  arid  areas  of  southern  California,  southern 
Nevada,  and  western  Arizona.   No  distinction  is 
made  in  this  paper  between  the  ranges  of  the 
varieties  _P.  v.  melanocarpa  and  _P.  v,  demissa. 
Prunus  andersonii  (Anderson  peachbrush)  and 
desert  peachbrush  have  a  much  more  limited 
range.   The  former  occurs  in  the  most  arid 
portions  of  eastern  California  and  western 
Nevada,  while  the  latter  occurs  on  similar  sites 
in  southeastern  California,  southern  Nevada, 
northwestern  Arizona,  and  the  "Dixie"  area  of 
southwestern  Utah  (fig.  1). 
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Table  3. 


-Characteristics  of  vegetative  reproduction  and  response  to  topkill  of  some  Rosaceous  shrubs 


Antelope  bitterbrush 

Desert  bitterbrush 

Woods  rose 

Saskatoon  serviceberry 

Utah  serviceberry 

Bittercherry 

Chokecherry 

Sandcherry 

True  mountain  mahogany 

Curlleaf  mountain  mahogany 

Cliffrose 

Apache  plume 

Spirea 

Oceanspray 

Ninebark 


Some  ecotypes  layer;  some  sprout  after  fire 

Some  ecotypes  layer;  sprouts  well  after  fire 

Spreads  by  root  sprouts;  sprouts  well  after  fire 

No  vegetative  reproduction;  sprouts  well  after  fire 

No  vegetative  reproduction;  sprouts  well  after  fire 

Spreads  by  root  sprouts;  sprouts  after  fire 

Spreads  by  root  sprouts;  sprouts  after  fire 

No  vegetative  reproduction;  sprouts  after  fire 

No  vegetative  reproduction;  some  ecotypes  sprout  after  fire 

No  vegetative  reproduction;  nonsprouting  after  fire 

No  vegetative  reproduction;  nonsprouting  after  fire 

Spreads  by  root  sprouts;  sprouts  after  fire 

Forms  dense  patches;  sprouts  well  after  fire 

Sprouts  well  after  fire 

Sprouts  well  after  fire 


Whereas  antelope  bitterbrush  is  widespread  in 
the  Western  United  States,  desert  bitterbrush  is 
confined  to  arid  sites  over  much  the  same  area 
as  desert  peachbrush.   The  closely  related 
cliffrose  and  apache  plume  are  also  found 
primarily  in  the  Southwest,  although  the  former 
does  occur  nearly  to  the  northern  Utah  border. 
The  Purshia-Cowania-Fallugia  complex  occurs  with 
greatest  diversity  in  the  southeastern 
California  to  southern  Nevada  region  (fig.  1). 

Of  the  two  most  widespread  species  of 
serviceberry  in  the  Western  United  States,  Utah 
serviceberry  tends  to  occupy  the  more  xeric 
sites,  and  its  range  extends  farther  south  than 
that  of  Saskatoon  serviceberry  (fig.  1). 

Both  curlleaf  mountain  mahogany  and  true 
mountain  mahogany  appear  to  have  several 
ecotypes  within  the  overall  geographic  range  of 
each  species.   True  mountain  mahogany  apparently 
does  not  occur  in  Idaho,  but  is  found  in  the 
southwestern  part  of  Oregon.   On  the  other  hand, 
curlleaf  mountain  mahogany  does  not  occur  as  far 
eastward  or  as  far  southwestward  as  does  true 
mountain  mahogany  (fig.  2). 

The  two  species  of  mountain  ash,  Sitka  mountain 
ash  (Sorbus  sitchensis  Roemer)  and  Greene's 
mountain  ash  (Sorbus  scopulina  Greene) ,  are 
primarily  inhabitants  of  mesic  sites  in  the 
montane  coniferous  forest,  with  only  the  latter 
occurring  in  the  central  and  southern  Rocky 
Mountains  (fig.  2). 

Of  the  several  species  of  Crataegus  found  in  the 
Western  United  States,  the  one  most  likely  to  be 
used  for  revegetation  is  Douglas  hawthorn,  of 
which  there  are  four  recognized  varieties.   No 
attempt  has  been  made  here  to  define  the  ranges 
of  these  varieties  (fig.  2). 

Among  the  potentially  useful  wild  roses,  Woods 
rose,  Nootka  rose  (Rosa  nutkana  Presl.),  and 
bald  hip  rose  (Rosa  gymnocarpa  Nutt.)  are  all 
widespread.   Prickly  rose  (Rosa  acicularis 
Lindl.)  is  nearly  as  widespread  but  is  not  known 
in  Utah  and  Nevada. 


Bush  cinquefoil  occurs  in  all  t 
States,  including  the  mountains 
New  Mexico.  Of  the  10  species 
Western  United  States,  only  the 
likely  to  be  much  used  for  reve 
Douglas  spirea  (Spiraea  douglas 
in  the  Pacific  Northwest,  inclu 
California,  but  is  not  found  in 
Wyoming,  Colorado,  or  farther  s 
spirea  (S^.  densif lora  Nutt.)  an 
spirea  OS.  betulifolia  Pall.)  a 
predominantly  Pacific  Northwest 
although  the  former  does  extend 
The  two  most  common  species  of 
oceanspray,  (_H.  discolor  [Pursh 
oceanspray  (_H.  dumosus  [Hook.] 
somewhat  different  ranges:  the 
Pacific  Northwest  and  Californi 
in  the  drier  areas  of  Utah,  Nev 
Colorado,  and  southern  Idaho. 


he  Western 

of  Arizona  and 
of  Spiraea  in  the 

erect  forms  are 
getation. 
ii  Hook.)  occurs 
ding  northern 

Nevada,  Utah, 
outh.   Subalpine 
d  shiny-leaf 
re  also 

species , 

into  Nevada. 
Holodiscus , 
]  Maxim)  and  bush 
Heller)  occupy 

former  in  the 
a,  and  the  latter 
ada,  Wyoming, 


In  most  cases  mallow  ninebark  (Physocarpus 
malvaceus  [Greene]  Kuntze)  has  been  the  species 
of  ninebark  used  for  revegetation.   Mallow 
ninebark  occurs  on  drier  sites  than  most  other 
ninebark  species,  and  is  found  in  all  11  Western 
States  except  Arizona,  New  Mexico,  and 
California  (although  entirely  east  of  the 
Cascades  in  Washington  and  Oregon) .   A  larger 
species,  Pacific  ninebark  (_P.  capitatus  [Pursh.] 
Kuntze) ,  occurs  west  of  the  Cascades  and 
throughout  much  of  California,  predominantly  on 
moist  sites.   A  disjunct  population  of  Pacific 
ninebark  has  also  been  found  in  northern  Idaho. 
Two  other  species,  dwarf  ninebark  (J?,  alternans 
[Jones]  T.  J.  Howell)  and  mountain  ninebark  (P. 
monogynus  [Torr. ]  Coult.),  also  are  potentially 
useful  on  specific  sites:  the  former  in  Nevada, 
Utah,  Colorado,  Idaho,  and  California,  often  in 
juniper-pinyon  habitats;  and  the  latter  in 
Nevada,  Utah,  Colorado,  Wyoming,  Arizona,  and 
New  Mexico,  usually  on  relatively  moist  soils 
associated  with  aspen  or  coniferous  forests. 

Hitchcock  and  others  (1961)  list  17  species  of 
the  genus  Rubus  for  the  Pacific  Northwest 
states,  and  other  authors  list  other  species  in 
parts  of  the  West.   However,  the  most  likely 
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anfche  liumT^T^^t  ^  aUtel°*?   bi«erbrush  (PUTR) ,  desert  bitterbrush  (PUGL) ,  cliffrose  (COST), 
apache  plume  (FAPA) ,  Saskatoon  serviceberry  (AMAL) ,  Utah  serviceberry  (AMUT) ,  bittercherry  fPREMI   choke- 
cherry  CPRVI),  Anderson  peachbrush  (PRAN) ,  and  desert  peachbrush  (PRFA)  in  the  Western  Site!  Stages 
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w^rrarw  iTFTFl   true  mountain  mahogany  (CEMO) ,  Greenes 
Figure  2. -Geographic  range  of  curlleaf  ^""^^S*  (SS) ,  river  hawthorn  (CRRI)  ,  and 
mountain  ash  (SOSC) ,  Sitka  mountain  ash  (SOSI) ,  Douglas  nawtnor   (. 
squawapple  (PERA)  in  the  Western  United  States. 
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species  to  be  used  in  revegetation  of„  disturbed 
areas  is  "blackcap"  (R.  leucodermis  Dougl.), 
which  occurs  throughout  the  Western  States.   As 
do  most  species  of  Rubus,  the  blackcap  occurs  on 
moist  soils,  but  can  be  established  on  sites 
such  as  roadcuts  or  along  drainageways. 


SPECIES  SELECTION  WITHIN  ROSACEAE 


for  soil,  food  for  wildlife,  or  cover  for 
wildlife.   Cliffrose,  apache  plume,  and  specific 
ecotypes  of  desert  bitterbrush  have  been 
successfully  established  on  southern  Idaho  deer 
winter  ranges  (Monsen  1975).   Dietz  and  others 
(1980)  reported  on  the  successful  use  of 
antelope  bitterbrush  (a  non-native)  in  the  Black 
Hills  of  South  Dakota. 


Most  rosaceous  shrubs  discussed  here  are  adapted 
to  areas  receiving  10  inches  (25  cm)  or  more  of 
annual  precipitation.   Among  this  group, 
cliffrose  and  apache  plume  may  be  the  most 
drought  tolerant,  closely  followed  by  desert 
bitterbrush,  desert  peachbrush,  Anderson 
peachbrush,  littleleaf  mountain  mahogany 
(Cercocarpus  intricatus  S.  Wats.),  and  some 
ecotypes  of  Utah  serviceberry  and  antelope 
bitterbrush. 


Selection  of  plant  species  f 
should  involve  careful  searc 
area  to  learn  what  native  sp 
sites  to  the  one  scheduled  f 
The  goal  should  be  to  use  se 
similar  areas,  or  planting  s 
seed  sources.  Avoid  unteste 
materials  from  distant  sourc 
states,  "In  highly  disturbed 
guideline  has  been  to  utiliz 
adjacent  vegetative  types  th 
more  xeric  conditions." 
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h  of  the  surrounding 
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tock  grown  from  such 
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The  juniper-pinyon  and  mountain  brush  vegetation 
types  are  especially  well  suited  for  the  use  of 
rosaceous  shrubs.   Plummer  and  others  (1968) 
list  16  species  as  being  adapted  in  these  areas. 
In  contrast,  these  authors  list  only  bush 
cinquefoil  and  American  plum  from  among  the  rose 
group  as  being  adapted  to  wet  meadow  sites,  and 
only  desert  peachbrush  for  use  on  saltbush  and 
greasewood  sites.   Smith  and  others  (1978)  found 
Anderson  peachbrush  a  good  choice  for 
establishment  on  highway  roadcuts  in  the  arid 
areas  of  Mono  County,  Calif.   They  also 
recommended  cliffrose  as  suitable  at  locations 
receiving  somewhat  greater  rainfall  in  Mono 
County. 

Rosaceous  shrub  species  are  adapted  to  a  wide 
range  of  soil  types,  but  none  are  noted  for 
tolerating  saline  soils  in  semi-arid  or  arid 
areas.   However,  Fedkenheuer  and  others  (1980) 
reported  that  Saskatoon  serviceberry,  bush 
cinquefoil,  and  prickly  rose  were  among  the 
group  of  species  with  high  survival  rates  on  oil 
sand  tailings  in  Alberta.   The  oil  sand  tailings 
were  highly  alkaline  (pH  8.5+0.5).   On  acid  mine 
spoils  in  Nevada,  curlleaf  mountain  mahogany, 
black  chokecherry,  Saskatoon  serviceberry, 
Pacific  ninebark,  antelope  bitterbrush,  Woods 
rose,  and  bittercherry  all  show  considerable 
promise  (Butterfield  and  Tueller  1980;  Everett 
and  others  1980). 

Use  of  species  native  to  a  particular  area  is 
recommended,  but  use  of  non-native  species  may 
serve  valuable  purposes  such  as  stability 


Tolerance  to  Fire 

An  important  consideration  when  selecting  plant 
species  for  revegetation  is  response  to  fire. 
Whereas  most  shrub  species  in  the  rose  group 
exhibit  vigorous  sprouting  after  topkill  by 
fire,  three  important  species  do  not:   curlleaf 
mountain  mahogany,  cliffrose,  and  antelope 
bitterbrush.   Of  the  three,  only  antelope 
bitterbrush  occasionally  sprouts  following 
complete  topkill,  with  most  surviving  plants 
being  the  young,  vigorous  individuals.   Driscoll 
(1963)  believed  that  the  capacity  of  antelope 
bitterbrush  to  sprout  following  fire  was  related 
to  soil  characteristics.   Blaisdell  and  Mueggler 
(1956)  ,  working  on  the  Snake  River  Plains  of 
eastern  Idaho,  found  that  50  percent  of  burned 
plants  produced  sprouts,  but  that  33  percent  of 
those  sprouting  died  within  16  months.   The 
response  of  true  mountain  mahogany  to  fire  is 
also  variable,  and  possibly  related  to  ecotypic 
variation.   Most  species  of  Rubus  sprout 
vigorously  following  fire.   Greene's  mountain 
ash,  on  the  other  hand,  is  eliminated  by  burning 
(Lyon  1966) .   Table  3  summarizes  the  response  to 
fire  of  rosaceous  shrubs  most  often  used  for 
revegetation  in  the  Intermountain  West. 


Response  to  Animal  Use 

In  general,  the  rosaceous  shrubs  are  quite 
tolerant  of  animal  use.   Species  of  serviceberry 
and  curlleaf  mountain  mahogany  are  perhaps  more 
tolerant  of  heavy  browsing  by  game  animals  than 
is  antelope  bitterbrush  (Shepherd  1971). 
Garrison  (1953)  suggested  that,  for  sustained 
shrub  production,  safe  levels  of  use  for 
antelope  bitterbrush,  curlleaf  mountain 
mahogany,  and  oceanspray  should  be  between  50 
and  60  percent.   Shepherd  (1971)  suggested  that 
the  summer  and  fall  use  of  20  to  40  percent  of 
current  annual  growth  of  antelope  bitterbrush 
would  promote  plant  health  and  vigor,  that  50 
percent  use  might  be  acceptable,  but  that  a 
sustained  use  of  80  percent  or  more  would 
eventually  damage  or  kill  many  plants.   He 
believed  that  optimum  use  levels  for  winter 
could  be  somewhat  higher.   Shepherd  stated  that 
true  mountain  mahogany  should  be  extremely 
productive  and  resistant  to  browsing  intensities 
of  60  to  80  percent,  and  70  percent  use  would  be 
near  optimum.   He  recommended  60  percent  use  of 
the  current  year's  growth  of  Saskatoon 
serviceberry  stems. 

At  times  when  other  food  is  scarce,  or  during 
population  irruptions,  rodents  may  severely 
damage  shrubs.   In  Oregon,  Spencer  (1958) 
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recorded  serious  barking  and  girdling  of 
antelope  bitterbrush,  black  chokecherry, 
mountain  mahogany,  rose,  and  other  shrubs  by 
mice  (Microtus,  Lagurus,  and  Clethrionomys) . 
Also  in  Oregon,  Mitchell  (1951)  noted  an 
irruption  of  Microtus  montanus  that,  by 
girdling,  killed  90  percent  of  the  bitterbrush 
on  large  areas.   Brown  and  Martinsen  (1959) 
recorded  severe  damage  to  planted  Bessey  cherry 
(Prunus  besseyi  Bailey)  and  American  plum.   Only 
those  shrub  species  incapable  of  resprouting 
from  the  rootcrown  are  likely  to  be  completely 
killed  by  rodent  girdling.   On  mixed  grass-shrub 
areas,  rodent  damage  can  be  decreased  by 
allowing  the  protective  grass  cover  needed  by 
the  rodents  to  be  grazed  sufficiently  by 
livestock. 


Effects  of  Insects  and  Disease 

Sudden  outbreaks  of  damaging  insects,  or  disease 
epidemics,  may  occur  in  any  vegetation  type, 
leaving  the  range  manager  almost  helpless  to 
stop  severe  damage  to  particular  plant  species 
or  even  to  virtually  all  vegetation  in  the  area 
affected.   Grasshoppers  are  capable  of 
destroying  plantations  of  antelope  bitterbrush 
seedlings,  whether  they  be  from  direct  seeding 
or  transplanted  nursery  stock.   Cutworms  and 
wireworms  have  destroyed  newly  emerged  antelope 
bitterbrush  seedlings  (Hubbard  1956).   Tent 
caterpillars  have  caused  widespread  damage  to 
antelope  bitterbrush  through  defoliation 
(Hubbard  and  others  1959) ,  and  commonly  infest 
stands  of  chokecherry,  bittercherry ,  cliff rose, 
and  curlleaf  mountain  mahogany.   Van  Epps  and 
Furniss  (1981)  reported  severe  damage  to  a 
13-year-old  antelope  bitterbrush  plantation  by 
the  walnut  spanworm  (Phigalia  plumogeraria 
Hulst.). 

The  mountain  mahoganies  are  relatively  free  of 
attack  by  insects  and  disease.   However,  the 
looper  (Anacamptodes  clivinavia  profanata  B.  and 
McD.),  a  leaf  defoliator,  destroyed  46  percent 
of  a  5,900-acre  (2,400-ha)  stand  of  curlleaf 
mountain  mahogany  over  3  years  in  southwestern 
Idaho  (Furniss  and  Barr  1967).   Such  drastic 
effects  tend  to  be  rare  but  do  serve  to 
illustrate  what  can  happen  after  an  extreme 
population  increase  of  an  insect. 

Species  of  Prunus  and  Amelanchier  seem  to  be 
bothered  more  by  diseases  than  other  rosaceous 
shrubs.   Chokecherries  carry  western  X-disease, 
which  affects  fruit  trees,  and  are  often 
infected  with  Black  Knot  canker  (Dibotryon 
morbosum  [Schw.]  Th.  &  Syd.).   The  chokecherries 
are  intermediate  in  sensitivity  to  sulfur 
dioxide  and  fluorides,  two  common  components  of 
air  pollution  (Anderson  1966;  Carlson  and  Dewey 
1971;  Shaw  1952).   Both  Saskatoon  serviceberry 
and  Utah  serviceberry  are  commonly  infected  with 
rusts  caused  by  Gymnosporangium  spp.  (Furniss 
and  Krebill  1972).   These  rusts  usually  occur  on 
the  fruit  and  leaves,  and  occasionally  on  the 
stems.   The  degree  of  damage  caused  by  the  rusts 
is  not  known,  but  some  plant  pathologists 


believe  that  a  heavy  level  of  infection  is 
damaging.   Serviceberry  plants  are  highly 
sensitive  to  sulfur  dioxide  and  fluorides  in  the 
atmosphere. 


Response  to  Herbicides 

Herbicides  can  be  used  on  vegetation  that 
includes  rosaceous  shrubs  if  care  is  taken  to 
consult  the  literature  beforehand  so  that 
treatment  can  be  designed  to  minimize  the  damage 
to  the  desirable  species.   Hyder  and  Sneva 
(1962)  concluded  that  the  proper  timing  for 
spraying  mixed  stands  of  big  sagebrush  and 
antelope  bitterbrush  on  dry  sites  with  2,4-D  or 
2,4,5-T  was  when  new  leaves  appeared  on  those 
plants,  and  that  spraying  could  then  be  done 
until  bitterbrush  was  in  flower.   Trout  (1968) 
recommended  no  spraying  with  2,4-D  on  ranges 
with  a  significant  number  of  young  or  seedling 
antelope  bitterbrush.   Trout  found  that  where 
mature  antelope  bitterbrush  was  sprayed  with 
2,^-D,  plan'.s  regained  full  vigor  in  about  4 
years.   Pechanec  and  others  (1965)  noted  that 
Saskatoon  serviceberry  and  black  chokecherry 
were  among  the  most  susceptible  shrubs  to  damage 
from  2,4-D — damaged  even  more  than  bitterbrush. 
Mueggler  (1966)  found  that  Saskatoon 
serviceberry,  bittercherry,  and  oceanspray  were 
all  moderately  sensitive  to  sprays  of  2,4-D, 
2,4,5-T,  and  combinations  of  the  two  chemicals. 
However,  he  noted  that  the  amount  of  basal 
sprouting  from  serviceberry  did  not  equal  the 
amount  of  crown  kill.   Mueggler  also  reported 
that  oceanspray  sprouted  rather  profusely  and 
was  not  materially  harmed  by  aerial  spraying. 
Trout  (1968)  also  reported  basal  sprouting  of 
Saskatoon  serviceberry  the  spring  following 
spraying  with  2,4-D.   Gratkowski  (1978)  reported 
that  a  temporary  reduction  of  the  crown  size  of 
Saskatoon  serviceberry  was  the  only  result  of 
spraying  with  either  of  several  herbicides, 
including  2,4-D  and  2,4,5-T.   However,  he  also 
noted  that  serviceberry  sprayed  with  2,4-D  still 
had  not  recovered  its  original  vigor  19  years 
after  being  sprayed.   Gratkowski's  tests  of 
several  combinations  of  herbicides  on 
thimbleberry  (Rubus  parviflorus  Nutt.)  indicated 
that  this  species  is  easily  damaged  or  killed  by 
spraying.   Fisser  (1981)  found  that  the  use  of 
Tordon  spray  treatment  in  August,  to  control 
juniper  (Juniperus  spp.),  at  a  rate  of  2 
lbs/acre  (3.63  kg/ha)  A. I.,  was  lethal  to 
curlleaf  mountain  mahogany. 

Researchers  of  the  Potlach  Corporation  in 
northern  Idaho  have  studied  the  effects  of  the 
herbicides  Garlon  3A,  Garlon  4,  Velpar  L,  2,4-D, 
and  Roundup  on  woody  species  in  that  region, 
including  Saskatoon  serviceberry,  thimbleberry, 
mallow  ninebark,  oceanspray,  bittercherry,  bald 
hip  rose,  shiny-leaf  spirea,  and  trailing 
blackberry  (Rubus  sp.).   While  too  detailed  to 
discuss  here,  the  reader  is  referred  to  Miller 
(1981),  and  Miller  and  Pope  (1982a  and  1982b). 

Another  excellent  guide  to  the  susceptibility  of 
many  plant  species  to  foliage  application  of 
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phenoxy  herbicides  was  compiled  by  Parker 
(1982). 


Effects  of  Shade  and  Competing  Vegetation 

In  general,  rosaceous  shrubs  are  not  very 
tolerant  of  either  shade  or  competition  for  soil 
moisture.   The  most  shade  tolerant  also  tend  to 
grow  on  moist  sites:   the  spireas,  mallow 
ninebark,  species  of  Rubus ,  and  Saskatoon 
serviceberry .   Bush  cinquefoil  is  intolerant  of 
shade  but  is  a  good  competitor  with  herbaceous 
plants.   Few  bitterbrush  seedlings  survive  in 
cheatgrass  (Bromus  tectorum  L.),  according  to 
Holmgren  (1956),  and  competition  with 
broad-leaved  annuals  reduces  seedling  vigor. 
Hubbard's  findings  (1957),  which  agreed  with 
Holmgren's,  also  concluded  that  desert 
wheatgrass  (Agropyron  desertorum  [Fisch.] 
Schult.)  was  as  severe  a  competitor  as  native 
vegetation.   Hubbard  and  Sanderson  (1961) 
concluded  that  dense  grass  competition 
significantly  reduced  the  yield  and  vigor  of 
mature  antelope  bitterbrush.   Monsen  (1975)  felt 
that  bitterbrush  seedlings  of  low-growing 
ecotypes  were  more  competitive  with  herbaceous 
vegetation  than  were  seedlings  of  more  upright 
forms. 


Forage  Value 

Merrill  (1972)  said,  "Nearly  all 
shrub ... .species  are  consumed  at  some  time  by 
livestock  or  big  game."  Many  shrubs  of  the  rose 
family  are  preferred  browse  of  game  animals  and 
livestock.   However,  the  many  species,  and  their 
ecotypes,  do  exhibit  considerable  variability  in 
their  relative  attraction  to  foraging  animals. 
For  example,  true  mountain  mahogany  is 
considered  a  better  browse  for  livestock  than  is 
curlleaf  mountain  mahogany,  and  antelope 
bitterbrush  is  usually  more  palatable  to  deer 
than  is  desert  bitterbrush.   Although  squawapple 
has  not  been  considered  palatable  forage,  Hayes 
and  Garrison  (1960)  did  consider  this  species  as 
fair  browse  for  both  deer  and  livestock  in 
Oregon.   And  although  bush  cinquefoil  is 
generally  avoided  by  big  game  in  Alberta, 
Canada,  it  has  been  reported  palatable  to  deer 
in  Montana  and  Arizona. 

Several  rosaceous  shrubs  are  potentially  toxic 
to  grazing  animals.   Brotherson  and  Osayande 
(1980)  noted  that  because  of  a  high 
concentration  of  copper  in  true  mountain 
mahogany  tissue,  copper  toxicity  is  a  distinct 
possibility  in  ruminants  that  forage  on  it. 
However,  under  winter  conditions,  animals  would 
probably  be  poisoned  only  if  true  mountain 
mahogany  were  their  sole  diet. 

Majak  and  others  (1980)  found  that  Saskatoon 
serviceberry  contained  high  levels  of  the 
cyanogenic  glycoside,  prunasin.   They  reported 
that  mature  mule  deer  died  after  consuming 
Saskatoon  serviceberry  twigs  at  the  rate  of  2.54 
lb  (1  kg)  per  day  for  a  week. 


Their  preliminary  research  also  indicated  that 
the  prunasin  concentration  in  new  growth  of 
black  chokecherry  is  considerably  higher  than  in 
Saskatoon  serviceberry.   Despite  the 
demonstrated  high  levels  of  toxic  compounds  in 
many  plant  species,  wild  animals  apparently 
include  enough  of  a  variety  of  plants  in  their 
diet  to  avoid  lethal  amounts  of  toxic  material. 
Where  domestic  animals  are  confined  to  areas 
having  a  high  density  of  toxic  plants,  and  an 
insufficient  quantity  of  other  forage  species, 
poisoning  can  occur. 

The  nutritive  quality  of  rosaceous  shrubs  is 
high.   Dietz  (1972)  reported  that  the  stems  of 
black  chokecherry  and  Saskatoon  serviceberry 
showed  an  increase  in  protein  from  fall  to 
winter.   He  also  noted  that  the  comparatively 
high  protein  level  in  chokecherry  winter  stems 
may  help  explain  its  high  use  by  deer  during 
fall  and  winter.   In  his  early  work  with  captive 
mule  deer  in  Utah,  Smith  (1950;  1953)  found  that 
curlleaf  mountain  mahogany,  antelope 
bitterbrush,  and  cliffrose  were  the  top  three 
plant  species  selected  by  mule  deer  from  among 
16  plants  available  to  them  during  the  winter. 
True  mountain  mahogany,  black  chokecherry,  and 
Saskatoon  serviceberry  ranked  fifth,  seventh, 
and  eighth,  respectively.   During  summer,  the 
captive  deer  selected  Saskatoon  serviceberry 
(seventh) ,  curlleaf  mahogany  (ninth) ,  and  black 
chokecherry  (tenth)  from  among  32  species  made 
available  to  them. 

In  subsequent  work  with  penned  deer,  Smith 
and  Hubbard  (1954)  continued  to  find  that 
curlleaf  mountain  mahogany,  cliffrose,  and 
bitterbrush  were  the  most  preferred  species  for 
winter  forage,  with  chokecherry  and  serviceberry 
also  readily  taken.   Because  of  their  retention 
of  high  crude  protein  and  energy  levels, 
evergreen  species  are  of  particular  nutritive 
value  to  animals  during  winter.   In  this 
respect,  curlleaf  mountain  mahogany,  cliffrose, 
desert  bitterbrush,  and  apache  plume  are  all 
valuable  winter  browse  plants.   Wild  roses  are 
excellent  summer  forage  plants,  but  crude 
protein  content  decreases  considerably  once  the 
leaves  are  shed.   Rose  hips,  however,  are  high 
in  digestibility  and  moderately  high  in  winter 
crude  protein.   When  hips  are  abundant  they  add 
greatly  to  the  value  of  rose  as  a  forage. 
Shrubs  of  the  genera  Rubus ,  Sorbus,  and 
Holodiscus  occur  mostly  on  the  summer  ranges  of 
big  game  and  livestock  and  are  less  often  used 
as  forage  by  these  animals.   Brown  and  Martinsen 
(1959)  found  that  the  palatability  of  Douglas 
hawthorn  was  good  and  that  deer  use  had  been 
moderate  to  heavy  on  Washington  winter  range. 
The  spireas  and  ninebarks  have  poor  reputations 
as  forage  plants. 


METHODS  OF  ESTABLISHMENT 


Direct  Seeding 

The  greatest  deterrent  to  the  direct  seeding  of 
rosaceous  shrubs  is  depredation  on  seed  by 
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Direct  seeding  can  be  successful  if  the 
following  conditions  are  met:   (1)  good  quality 
seed  is  sown  in  the  autumn,  (2)  seed  is  sown  at 
the  proper  depth,  (3)  rodent  populations  are  low 
or  are  controlled,  (4)  site  preparation  has 
sufficiently  controlled  herbaceous  plant 
competition  with  the  newly  emerged  shrub 
seedlings.   Nearly  all  rosaceous  shrub  seed 
germinates  best  when  well  covered  with  soil. 
Broadcast  seeding  of  shrub  species — especially 
if  seed  is  sown  in  a  mixture  with  grasses  and 
forbs — seldom  results  in  as  high  a  stand  density 
as  drilling  or  seed  spotting.   The  author  has 
seen  several  very  successful  direct  seeding 
projects  wherein  the  seed  dribbler  was  used 
while  juniper  and  pinyon  trees  were  cleared  with 
a  caterpillar  tractor. 

The  scarcity  or  expense  of  seed  is  another 
factor  to  consider  when  planning  the  use  of 
rosai_.nus  shrubs.   Seed  of  squawapple,  apache 
plume,  bush  cinquefoil,  blackcap  raspberry, 
thimbleberry ,  ninebark,  spirea,  and  oceanspray 
are  seldom  available  commercially;  when  they 
are,  it  is  only  at  great  cost.   Even  particular 
ecotypes  of  the  more  commonly  available  antelope 
bitterbrush,  mountain  mahoganies,  cliffrose,  and 
the  serviceberries  are  difficult  to  obtain  in 
quantity.   These  considerations  usually  make 
transplanting  attractive,  especially  if  great 
stand  density  is  not  desired,  nursery  stock  is 
available,  and  the  area  scheduled  for 
revegetation  is  not  large. 


properly  in  early  spring  with  hardened,  dormant 
plants  and  if  herbaceous  competition  is 
controlled.   The  mountain  mahoganies  are  perhaps 
more  reliably  established  from  container-grown 
transplants.   In  arid  areas,  small  basins  about 
1  ft  (30  cm)  in  diameter  greatly  aid  transplant 
survival  by  providing  a  catchment  for  subsequent 
rainfall.   If  feasible,  the  addition  of  1  or  2 
qt  (1  or  2  1)  of  water  to  each  planting  spot  at 
the  time  of  planting  increases  the  chances  for 
survival.   Everett  (1980)  found  Woods  rose  and 
antelope  bitterbrush  among  the  best  species  for 
revegetating  south-facing  roadcuts  in  Nevada. 
Smith  and  others  (1978)  had  good  success  with 
container-grown  stock  of  Anderson  peachbrush  on 
harsh  roadcuts  in  Mono  County,  Calif. 
Container-grown  plants  of  curlleaf  mountain 
mahogany  exhibited  91  percent  survival  4  years 
after  being  planted  on  acid  mine  spoil  material 
in  Nevada  (Butterfield  and  Tueller  1980). 

Most  rosaceous  shrubs  are  somewhat  slower 
growing  than  many  chenopods  and  composites. 
True  and  curlleaf  mountain  mahoganies, 
serviceberry,  squawapple,  and  to  a  lesser 
extent,  chokecherry  and  bittercherry  benefit 
from  protection  from  foraging  animals  for  at 
least  3  years  following  establishment. 

Several  of  the  rosaceous  shrubs  may  be 
propagated  from  cuttings.   True  mountain 
mahogany,  river  hawthorn,  Illinois  ninebark 
(Physocarpus  intermedius  [Rydb.]  Schneid.),  bush 
cinquefoil,  Arkansas  rose  (Rosa  arkansana 
Porter),  and  spirea  (four  introduced  species) 
were  all  successfully  rooted  from  cuttings  by 
Howard  and  others  (1979).   Everett  and  others 
(1978)  were  unable  to  obtain  rooted  cuttings  of 
Saskatoon  serviceberry,  Utah  serviceberry,  or 
curlleaf  mountain  mahogany,  but  an  average  of  43 
percent  of  the  cuttings  from  three  accessions  of 
Woods  rose  were  rooted.   Cliffrose,  western 
chokecherry  (Prunus  virginiana  L.  var.  demissa 
Nutt.),  and  antelope  bitterbrush  all  exhibited  5 
percent  or  less  rooting  capacity.   Rooted 
cuttings  are  usually  transferred  to  containers 
or  into  nursery  beds  for  a  sufficient  time  for 
adequate  root  system  development  before  being 
planted  at  a  field  location. 
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Nearly  all  rosaceous  shrubs  can  be  established 
from  bare-root  nursery  stock  if  planting  is  done 


Tree  and  shrub  establishment,  especially  on  raw 
soil  materials  that  are  low  in  soil  nutrients 
and  microorganisms,  may  be  enhanced  by 
mycorrhizal  symbionts.   Most  and  perhaps  all 
rosaceous  shrubs  are  associated  with 
endomycorrhizae.   Williams  and  Aldon  (1976) 
identified  endomycorrhizae  on  roots  of  mountain 
serviceberry  (Amelanchier  oreophila  A.  Nels.), 
Utah  serviceberry,  true  mountain  mahogany, 
apache  plume,  bush  oceanspray,  and  antelope 
bitterbrush.   Barnhill  (1981)  found  that  roots 
of  Malus  seiboldi  (Reg. )  Rehd. ,  Prunus  besseyi 
Bailey,  and  Prunus  munsoniana  Bailey  were 
infected  with  endomycorrhizae.   Researchers  are 
currently  studying  the  efficacy  of  mycorrhizae 
to  improve  plant  establishment  and  growth.   In 
the  near  future  a  likely  accepted  practice  will 
be  the  inoculation  of  nursery-grown  planting 
stock  with  host-specific  species  of  mycorrhizae. 
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Herbicide  use  is  an  additional  site  preparation 
method  that  could  bring  about  shrub 
establishment  where  herbaceous  plant  competition 
is  severe.   Glyphosphate ,  dalapon,  or  atrazine 
can  all  be  used  on  selected  spots  or  strips 
prior  to  the  shrub  planting.   Herbaceous 
vegetation  killed  by  the  herbicide  would  serve 
as  a  mulch  and  decrease  the  loss  of  soil 
moisture  to  evaporation. 

Additional  research  is  needed  to  select  and 
develop  specific  ecotypes  of  rosaceous  shrubs 
for  use  on  disturbed  sites  in  the  Western  United 
States.   Current  research  at  the  Forest 
Service's  Shrub  Improvement  Laboratory  in  Provo, 
Utah,  is  designed  to  accomplish  this  goal  for 
the  bitterbrush-cliff rose-apache  plume  complex. 
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IMPORTANT  SHRUBS  FOR  WILDLAND  PLANTINGS,  COMPOSITAE  (ASTERACEAE) 

E.  Durant  McArthur 


ABSTRACT:   The  shrublands  of  the  Intermountain 
West  include  a  significant  portion  of  composite 
shrubs.   Sagebrush  (Artemisia)  is  a  continental 
scale  dominant;  rabbitbrush  (Chrysothamnus) , 
goldenbush  (Haplopappus) ,  matchbrush 
(Xanthocephalum) ,  and  horsebrush  (Tetradymia) 
are  also  important.   These  shrubs  provide  soil 
stabilization,  feed,  cover,  and  other  present 
and  potential  uses.   Their  value  for  wildlife 
habitat  is  substantial.   Of  the  wildlife 
species  in  sagebrush  vegetation  types,  87  are 
identified.   Positive  values  of  composite 
shrubs  have  generally  been  underestimated. 


INTRODUCTION 

The  Intermountain  West  is,  in  large  measure, 
shrubland  (Kiichler  1964;  Bailey  1976).   For 
example,  about  46  percent  of  Wyoming's  land 
area,  under  natural  conditions,  is  dominated  by 
shrubby  vegetation  (McArthur  1981) .   Several 
families  contribute  species  to  the  West's 
shrubby  flora.   The  most  important,  in  terms  of 
number  of  species  and  area  of  land  occupied  in 
the  Intermountain  Area,  are  the  Compositae, 
Chenopodiaceae ,  and  Rosaceae  (Blauer  and  others 
1975;  1976;  McArthur  and  others  1979).   Two 
families  (Compositae  and  Chenopodiaceae) 
dominate  large  tracts  of  land,  often  in  closed 
or  semiclosed  stands.   The  rose  family  includes 
19  genera  of  western  shrubs,  but  they  are 
usually  found  in  mixed  vegetative  communities 
or  in  scattered  stands.   If  the  criterion  of 
providing  dominant  plants  to  Kuchler's  (1964) 
vegetative  types  is  used  (McArthur  ) ,  then  12 
other  families  are  also  important  contributors 
to  the  western  (west  of  100°  W  longitude) 
shrubby  flora. 
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Two  major  shrub-dominated  vegetative  types 
contribute  to  the  prominence  of  the  chenopod  and 
composite  families.   These  are  the  salt  desert 
and  sagebrush  types.   Each  type  can  be 
subdivided.   Stutz  (this  proceedings),  Blauer 
and  others  (1976),  and  McArthur  and  others 
(1978b)  treat  the  salt  desert  species,  mainly 
Atriplex.   Sagebrush  (Artemisia,  subgenus 
Tridentatae)  dominated  lands  were  separated  into 
the  sagebrush  steppe,  Great  Basin  sagebrush,  and 
wheatgrass-needlegrass  shrubsteppe  types  by 
Kuchler  (1964).   Finer  divisions  into  habitat 
types  listing  two  to  four  major  species  have 
been  and  are  being  made  (Hironaka  1979;  Winward 
1980;  1983;  Blaisdell  and  others  1982).   One 
should  bear  in  mind,  however,  that  mosaics  of 
the  various  salt  desert  and  sagebrush  types 
often  occur.   Other  composite  family  shrubs, 
rabbitbrush  (Chrysothamnus) ,  goldenbush 
(Haplopappus) ,  matchbrush  or  snakeweed 
(Xanthocephalum),  and  horsebrush  (Tetradymia) 
also  occur  in  considerable  numbers  in  the  salt 
desert  and  sagebrush  vegetative  types.   Atriplex 
and  especially  Artemisia  species  are  found  in 
other  vegetative  types  besides  those  they 
dominate. 

Although  in  this  paper  I  do  not  treat  each  of 
the  composite  species  in  detail,  the  major 
species  are  mentioned.   I  also  make  comments 
about  uses  and  values  and  give  literature 
references  to  more  thorough  treatments  of  the 
species.   For  more  information,  I  recommend  two 
major  recent  reviews  of  sagebrush  areas  (Tisdale 
and  Hironaka  1981;  Blaisdell  and  others  1982) 
and  a  symposium  proceedings  (Utah  State 
University  1979). 


IMPORTANT  COMPOSITE  RANGE  SHRUBS 

There  are  18  genera  of  composite  shrubs  in  the 
United  States  west  of  100°  W  longitude 
(McArthur,  see  footnote  1).   However,  the  most 
important  shrubs,  in  terms  of  number  of  taxa  and 
area  of  land  covered  in  the  Intermountain  area, 
belong  to  the  genera  Artemisia,  Chrysothamnus , 
Haplopappus,  Tetradymia ,  and  Xanthocephalum 
(table  1).   Artemisia  is  by  far  the  most 
important . 

These  shrubs  are  all  common  in  the  sagebrush 
ecosystems  or  vegetative  types.   And  like  the 
Artemisias ,  each  genus  has  its  species 
distributed  along  moisture  and  elevation 
gradients  (Barker  1981;  Shultz  1983).   Soils  are 
also  important.   Soil  types  interact  with 
elevation  and  especially  moisture  gradients  in 
influencing  plant  distribution.   The  sagebrush 
vegetative  types  are  climax,  and  from  the 
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Table  1. — Important  composite  range  shrubs 


Table  1.  (con.) 


Artemisia,  tribe  Anthemideae 
400  species,  mostly  Northern  Hemisphere,  herbs 
and  shrubs  (Keck  1946;  McArthur  1979;  1982; 
McArthur  and  others  1979;  1981). 


Important 
species 


No.  of 
subspecies 


Important 
subspecies 


A.  arbuscula 


A. 

argillosa 

A. 

bigelovii 

A. 
A. 

cana 
dracunculus 

A. 

f ilifolia 

A. 

f rigida 

A. 

longif olia 

A. 

longiloba 

A. 

ludoviciana 

A. 
A. 

nova 
pedaf if ida 

A. 

pygmaea 

A. 
A. 

rigida 
rothrockii 

A. 

spinescens 

A. 

tridentata 

3 
3-5 


arbuscula,  thermopola 


bolanderi ,  cana 
viscidula 


4      spiciformis  , 
tridentata, 
vaseyana, 
wyomingensis , 
A.  tripartita        2      rupicola, 

tripartita 
Chrysothamnus ,  tribe  Astereae 


Important 
species 


No.  of 
subspecies 


Important 
subspecies 


Tetradymia,  tribe  Senecioneae 

10  species,  endemic  to  western  North  America, 
all  shrubs  (Strother  1974;  McArthur  and  others 
1979). 

T_.  axillaris  — 

T_.  canescens 

T.  glabrata 

T.  nuttallii 

T_.  spinescens 

T_.  stenolepis 

T_.  tetrameres 

Xanthocephalum,  tribe  Astereae 

11  species,  endemic  to  the  Americas,  mostly  in 
North  America,  shrubs  and  herbs  (McArthur  and 
others  1979;  McArthur,  see  text  footnote  1). 

X.    microcephala 
X.    sarothrae 

Species  common  in  parts  of  the  Intermountain 
area  or  deemed  useful  for  revegetation  work. 

Not  formally  described  at  the  subspecific  rank 
although  it  has  been  described  at  the  species 
and  form  levels. 


14  species,  endemic  to  western  North  America, 
shrubs  only  (Anderson  1970;  McArthur  and  others 
1979;  McArthur,  see  text  footnote  1). 


c. 

albidus 

c. 

depressus 

c. 

greenei 

c. 

linifolius 

c. 

nauseosus 

21 


albicaulis,  consimilis 
graveolens , 
hololeucus ,  junceus, 
leiospermus , 
salicifolius , 
turbinatus 


C^.  parryi 

jC.  vaseyi 

C.  viscidif lorus 


12 


attenuatus ,  howardi, 
nevadensis,  parryi 

lanceolatus,  puberulus , 
viscidif lorus 


Haplopappus ,  tribe  Astereae 

150  species,  endemic  to  the  Americas,  more  herbs 
than  shrubs  (Hall  1928;  USDA  1937;  McArthur,  see 
text  footnote  1). 

_H.  bloomer i 
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_H.  macronema 

H.  suf f ruticosus 


human  pers 
time.   In 
young  (Axe 
The  most  s 
vegetative 
locations 
have  been 
eliminated 
animals, 
become  mor 
(cheatgras 
common. 
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shrubs.   In  many 

ated  forbs  and  grasses 

d  in  number  or 

ction  of  grazing 
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Soil  Stabilization 

Many  of  the  composite  shrubs  of  the 
Intermountain  region  grow  in  dry  areas  and  thus 
keep  soil  in  place.   In  addition  to  providing 
natural  soil  binding,  several  species  of 
Artemisia  and  Chrysothamnus  are  suitable  for 
stabilizing  disturbed  soils  by  transplanting  or 
seeding  (McArthur  and  others  1974;  Plummer 
1977).   Some  special  cases  can  be  made  for 
planting  species  to  stabilize  disturbed  areas 
based  on  their  natural  distribution  and 
adaptation.   When  doing  so,  it  is  important  to 
try  to  match  precipitation,  soil,  and  elevation 
with  the  plant's  original  source  site  and  to 
bear  in  mind  the  importance  of  special  care  in 
initial  establishment.   The  suggested  plantings: 
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Poorly  drained,  heavy  soils- 

A.  argillosa 

A.  cana 

A.  f rigida 

A.  longifolia 

A.  longiloba 

C.  nauseosus, 


ssp.  consimilis 


Intermittent  drainage  channels — 
A.  ludoviciana 
C.  parryi  ssp.  attenuatus 
C.    linifolius 

Sandy  areas — 

A.  f ilifolia 

C^.  nauseosus  ssp.  turbinatus 

C.  nauseosus  ssp.  junceus 

Well  drained,  dry  rocky  areas — 

A.  arbuscula 

A.  bigelovii 

A_.  nova 

A.  rigida 

A.  tridentata  ssp.  wyomingensis 

C_.  nauseosus  ssp.  albicaulis 

C.  viscidif lorus 

Saline,  moist  areas — 
C.  albidus 


Wildlife  Habitat 

The  sagebrush  vegetative  types,  including  the 
other  composite  genera,  provide  significant 
areas  of  wildlife  habitat.   Table  2  shows  87 
wildlife  species  that  use  sagebrush  for  habitat 
in  eight  Intermountain  States.   Species  with 
particularly  close  association  with  sagebrush 
areas  include  mule  deer,  pronghorn  antelope, 
badger,  coyote,  bobcat,  striped  skunk,  least 
chipmunk,  northern  grasshopper  mouse,  western 
harvest  mouse,  deer  mouse,  Ord's  kangaroo  rat, 
black-tailed  jackrabbit,  desert  cottontail, 
sage  grouse,  American  kestrel,  golden  eagle, 
turkey  vulture,  and  red-tailed  hawk.   Each  of 
these  received  at  least  75  points  (maximum 
possible,  100)  for  their  association  with 
sagebrush  vegetative  types  (table  2).   The 
sagebrush  types  had  among  the  highest  wildlife 
values  of  any  of  the  general  vegetative  types 
in  the  broad  comparisons  made  by  the  Institute 
for  Land  Rehabilitation  staff  (1978).   The 
states  in  the  center  of  sagebrush  distribution 
(Nevada,  Idaho,  Utah,  Colorado,  Wyoming)  had 
higher  wildlife  habitat  point  totals  for 
sagebrush-associated  wildlife  than  states  on 
the  periphery  (Arizona,  New  Mexico,  Montana) 
(table  2).   More  detailed  treatments  of 
wildlife  habitat  are  in  Wallmo  (1975),  McArthur 
and  others  (1978b),  and  Blaisdell  and  others 
(1982). 


Feed  Value 

Range  shrubs  in  general  are  valuable  feed 
sources  for  wildlife  and  livestock,  especially 
evergreen  shrubs  in  the  winter  (Cook  1972; 
Dietz  1972;  Welch  1981).   Big  sagebrush 


(Artemisia  tridentata)  has  excellent  values  for 
crude  protein,  total  digestible  nutrients, 
calcium,  phosphorus,  and  carotene  (Welch  and 
McArthur  1979;  Welch  1981).   The  practical  feed 
value  of  sagebrush  species  is  reduced  because 
the  plants  are  not  as  palatable  to  wildlife  and 
especially  livestock  as  are  other  shrubs  (Smith 
and  Hubbard  1954;  Welch  and  McArthur, 
unpublished).   A  notable  exception  to  the 
reduced  palatability  of  sagebrush  is  the  dietary 
habit  of  the  pygmy  cottontail,  whose  meals  are 
99  percent  sagebrush  in  the  winter,  about  66 
percent  on  an  annual  basis,  and  no  less  than  43 
percent  during  any  period  (Green  and  Flinders 
1980).   Despite  the  low  preference  for  sagebrush 
and  rabbitbrush,  large  amounts  of  various  kinds 
of  the  two  shrubs  are  consumed  by  wildlife 
(Leach  1956;  Kufeld  and  others  1973;  McArthur 
and  others  1978a)  and  livestock  (USDA  1937;  Cook 
and  others  1954;  Holmgren  and  Hutchings  1972; 
Sheehy  and  Winward  1981).   There  are  dramatic 
differences  in  preference  by  browsing  animals 
among  the  composite  plant  taxa,  even  among 
subspecies  (Hanks  and  others  1973;  1975;  Scholl 
and  others  1977;  McArthur  and  others  1978a; 
Sheehy  and  Winward  1981;  Welch  and  others  1981). 
Nagy  and  others  (1964)  proposed  that  essential 
oils  of  Artemisia  made  that  plant  an  undesirable 
forage  because  the  oils  would  interfere  with 
ruminant  digestion.   However,  the  concentration 
of  oils  in  animal  rumens  are  not  high  enough  to 
be  inhibitory  (reviewed  by  Welch  and  others 
1982).   Effort  in  our  laboratory  aims  to  improve 
nutrient  quality  of  big  sagebrush  by  selecting 
for  high  protein,  growth  form,  and  palatability, 
through  a  breeding  program  (Welch  and  McArthur 
1979;  McArthur  1981). 

A  mix  of  composite  and  other  shrubs  with  grasses 
and  forbs  is  generally  better  for  total 
productivity  on  a  site.   In  that  situation, 
generally  more  wild  animals  and  larger  numbers 
of  livestock  can  be  productively  accommodated 
(Plummet  and  others  1968;  Reynolds  1980;  Otsyina 
and  others  1982;  Rumbaugh  and  others  1982). 

The  large  distributional  extent,  high  population 
numbers,  and  well  adapted  nature  of  the 
composite  shrubs  behooves  managers  to  look  at 
composite  shrubs  in  a  more  positive  manner  than 
they  often  do.   Zimmerman  (1980),  for  example, 
noted  that  cattle  can  do  well  on  shrub  lands 
even  in  the  midst  of  horsebrush  (Tetradymia) ! 
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Table  2. — Occurrence  of  wildlife  species  by  State  in  the  various  sagebrush  vegetation  types 


State 


Animal  species 


AZ 


CO 


ID 


MT 


NV 


NM 


UT WY Species  points 


UNGULATES 

Elk 

Mule  deer 

Pronghorn  antelope 

CARNIVORES 


Badger 

Coyote 

Bobcat 

Striped  skunk 

Spotted  skunk 

Long-tailed  weasel 

Short-tailed  weasel 

Kit  fox 

Red  fox 

Gray  fox 

Ermine 

Mountain  lion 

Ringtail  cat 

SMALL  MAMMALS 


Least  chipmunk 

Colorado  chipmunk 

Northern  grasshopper  mouse 

Southern  grasshopper  mouse 

Western  harvest  mouse 

Deer  mouse 

Brush  mouse 

Great  Basin  pocket  mouse 

Little  pocket  mouse 

Silky  pocket  mouse 

Long-tailed  pocket  mouse 

Olive-backed  pocket  mouse 

Hispid  pocket  mouse 

Dark  kangaroo  mouse 

Ord's  kangaroo  rat 

Chisel-toothed  kangaroo  rat 

Panamint  kangaroo  rat 

Desert  woodrat 

Bushy-tailed  woodrat 

Stephen's  woodrat 

Black-tailed  jackrabbit 

White-tailed  jackrabbit 

Antelope  jackrabbit 

Desert  cottontail 

Nuttall's  cottontail 

Pygmy  cottontail 

Northern  pocket  gopher 

Valley  pocket  gopher 

Townsend  pocket  gopher 

Sagebrush  vole 

Long-tailed  vole 

Montane  vole 

Prairie  vole 

Richardson  ground  squirrel 

Antelope  ground  squirrel 

Harris  antelope  ground  squirrel 

Thirteen-lined  ground  squirrel 

Golden-mantled  ground  squirrel 

Piute  ground  squirrel 

Belding  ground  squirrel 

Uinta  ground  squirrel 

Spotted  ground  squirrel 

Rock  squirrel 
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Table  2. --(con.) 


Animal  species 


State 


AZ 


CO 


ID 


MT 


NV 


NM 


UT 


WY 


Species  points 


Gunnison  prairie  dog 
White-tailed  prairie  dog 
Black-tailed  prairie  dog 
Utah  prairie  dog 
Yellow-bellied  marmot 
Porcupine 
Pika 


31 
25 
12 

6 
25 
19 

6 


GAME  BIRDS 
Sage  grouse 
Sharp-tailed  grouse 
Blue  grouse 
Mourning  dove 
Chukkar 
Gambel  quail 


X 

X 

L 

X 

X 

L 

X 

- 

L 

- 

75 
50 
38 
62 
44 
19 


RAPTORS 

American  kestrel 
Golden  eagle 
Turkey  vulture 
Red-tailed  hawk 
Swainson's  hawk 
Marsh  hawk 
Ferruginous  hawk 
Cooper's  hawk 
Sharp-skinned  hawk 
Prairie  falcon 
Burrowing  owl 
Great  horned  owl 
Short-eared  owl 
Long-eared  owl 
Screech  owl 

STATE  TOTALS 


350 


481 


500 


312 


X 

X 

X 

X 

X 

X 

X 

X 

X 

- 

X 

X 

X 

- 

X 

X 
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X 

L 

X 

X 

- 

- 

X 

L 

- 

X 

X 

- 

- 

- 

X 

L 

- 

- 

- 

- 

- 

L 

- 

575 

325 

500 

4 

100 
88 
75 
75 
62 
56 
44 
19 
19 
50 
38 
38 
25 
19 
6 


Table  compiled  from  data  listed  in  Institute  for  Land  Rehabilitation  (1978).   The  sagebrush 
vegetation  types  are  from  Kiichler  (1964):  Great  Basin  sagebrush,  sagebrush  steppe,  and  wheatgrass- 
needlegrass  shrubsteppe.   The  symbols  X  and  L  were  given  12.5  and  6.25  points  respectively.   The 
symbols  also  stand,  respectively,  for  species  that  occur  commonly  in  vegetation  types  and  species 
that  occur  only  locally  or  occasionally  in  the  vegetation  type. 


as  a  source  of  latex  rubber  (Hall  and  Goodspeed 
(1919).   The  idea  was  dropped  and  remained 
dormant  until  recently  when  revived  by  several 
researchers  (National  Science  Foundation 
1980-82).   In  the  same  vein,  the  rich  chemical 
content  of  Artemisia  species  may  eventually 
provide  useful  products  (Kelsey  and  others 
1982). 
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IMPROVING  THE  NUTRITIVE  VALUE  OF  WINTER  RANGE  FORAGE 


Sruce  L.  Welch 


ABSTRACT:   The  extent  of  range  improvement  must 
be  weighed  against  the  increase  in  quality 
and/or  quantity  of  the  forage  available  to 
livestock  and  wildlife.   This  paper  provides  a 
working  knowledge  of  animal  nutrition  as  an  aid 
in  planning  and  justifying  range  improvement 
programs.   Major  topics  are:  (1)  the  digestive 
tract,  (2)  nutrient  needs  of  range  animals,  (3) 
judging  the  nutritive  values  of  range  plants, 
and  (4)  using  shrubs  to  increase  the  nutritive 
level  of  winter  ranges. 


INTRODUCTION 

The  purpose  of  this  paper  is  to  discuss 
techniques  for  improving  the  nutritive  value  of 
rangeland  forage,  particularly  on  winter  range. 
For  range  plants  being  grown  for  animal 
consumption,  nutritive  value  is  of  paramount 
importance,  both  in  quality  and  quantity.   The 
nutritive  value  of  any  plant  must  be  judged  in 
terms  of  its  ability  to  supply  the  nutrients 
needed  to  meet  the  physiological  requirements  of 
the  consuming  animal.   A  basic  knowledge  of  the 
digestive  processes  of  various  kinds  of 
livestock  and  game  is  important  to  understanding 
their  nutrient  needs. 


THE  DIGESTIVE  TRACT 

By  definition,  digestion  is  a  process  in  which 
food  is  broken  down  into  smaller  particle  sizes 
and  finally  solubilized  for  absorption  and  use 
in  the  body  (Maynard  and  others  1979).   The 
digestive  tract  of  an  animal  includes  the  mouth, 
esophagus,  stomach,  small  intestine,  and  large 
intestine.   Digestive  fluids  are  pumped  into  the 
tract  from  the  liver  and  pancreas.   Also  located 
along  the  digestive  tract  in  the  mucus  lining 
are  glands  that  secrete  digestive  fluids  into 
the  tract.   Based  on  the  presence  or  absence  of 
a  compound  stomach  or  large  cecum,  animals  can 
be  divided  into  two  great  groups:   those  that 
can  support  microbial  fermentation  to  digest 
highly  fibrous  foods;  and  those  that  lack  the 
ability  to  support  microbial  fermentation. 
Because  the  most  important  range  animals,  from 
an  economic  standpoint  (cattle,  sheep,  goats, 
deer,  elk,  horses,  etc.),  have  fermentation 
types  of  digestion,  a  detailed  discussion  of 
their  digestion  process  is  needed. 
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Animals  that  can  support  microbial  fermentation 
can  be  divided  into  two  groups:  those  with  a 
compound  stomach,  called  ruminants  (cattle, 
sheep,  goats,  deer,  elk);  and  those  with  a 
simple  stomach  and  a  large  cecum  (horses, 
rabbits).   The  ruminant  stomach  is  divided  into 
four  compartments:  rumen,  reticulum,  omasum, 
and  abomasum.   The  rumen  is  the  first  and  by 
far  the  largest  of  the  compartments.   Hastily 
eaten  food  is  stored  in  the  rumen  under 
conditions  that  favor  microbial  fermentation 
and  later  is  regurgitated,  thoroughly  chewed, 
and  swallowed  back  to  the  rumen  for  additional 
digestion.   Macerated,  digested  food  particles 
and  the  bodies  of  many  millions  of 
microorganisms  are  forced  into  the  reticulum 
and  pass  on  to  the  omasum.   In  the  omasum, 
large  quantities  of  water  are  absorbed,  thus 
concentrating  the  macerated-digested  food  mass 
and  microbial  mass.   By  peristaltic  action  from 
the  omasum,  the  food  and  microbial  mass  is 
forced  into  the  abomasum  where  true  digestion 
begins.   Unlike  the  ruminants  where  microbial 
digestion  occurs  first,  in  the  cecal  animals 
microbial  digestion  is  preceded  by  regular 
enzymatic  digestion  in  the  stomach  (abdomasum) 
and  small  intestine. 

During  the  fermentation  process  volatile  fatty 
acids  are  formed.   These  fatty  acids,  in  turn, 
are  absorbed  directly  by  the  rumen,  or  cecum, 
into  the  blood  stream.   Volatile  fatty  acids 
are  the  major  supplier  of  energy  to  the  animal. 
Through  microbial  fermentation,  the  10 
essential  amino  acids  needed  by  the  animal  are 
synthesized  by  the  rumen  and  cecal 
microorganisms  from  plant  protein,  urea,  and 
inorganic  nitrogen.   These  10  essential  amino 
acids  may  occur  free  in  the  rumen  to  be 
absorbed  through  the  rumen  and  cecal  wall  and 
enter  the  bloodstream  or  may  be  used  to  build 
microbial  protein  which  becomes  available  to 
ruminant  animals  through  regular  enzymatic 
microorganisms  synthesize  all  the  B-vitamins 
needed  by  the  animal.   For  animals  capable  of 
supporting  microbial  fermentation,  protein 
quality  and  B-vitamins  are  not  a  concern. 


NUTRIENT  NEEDS  OF  RANGE  ANIMALS 

The  quantity  of  nutrient  needed  by  animals 
varies  according  to  species,  age,  size,  and 
activity  (National  Academy  of  Sciences  1975, 
Maynard  and  others  1979).   Qualitatively, 
nutrient  needs  of  animals  can  be  classified 
into  the  following  four  classes: 
energy-producing  compounds,  protein,  minerals, 
and  vitamins. 
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I  Energy-Producing  Compounds 

Energy-producing  compounds  make  up  the  single 
largest  class  of  nutrients  needed  by  animals 
(Dietz  1972,  National  Academy  of  Sciences  1975). 
Energy  is  needed  to  drive  the  various 
physiological  processes  of  the  body  and  to 
provide  movement  and  heat.   Energy  can  be 
derived  from  a  variety  of  compounds,  including 
sugars,  fats,  pectins,  starch,  and  protein,  and 
in  the  case  of  ruminants  and  others  with 
fermentation  abilities,  indirectly  from 
cellulose  and  hemicellulose  (Dietz  1972, 
National  Academy  of  Sciences  1975,  Maynard  and 
others  1979). 

The  energy  needs  of  animals  are  expressed  in 
several  forms  such  as  total  digestible  nutrients 
(TDN)  and  digestible  energy.   TDN  is  the  sum  of 
all  digestible  organic  compounds  (proteins, 
sugars,  cellulose,  etc.)  with  the  digestible 
crude  fat  component  being  multiplied  by  the  heat 
factor  2.25  (Maynard  and  others  1979).   TDN 
requirements  of  an  animal  are  expressed  as 
kilograms  per  animal  per  day  or  as  a  percentage 
of  the  diet.   Digestible  energy  (DE)  is 
calculated  by  subtracting  the  gross  calories  in 
the  feed  from  the  calories  in  the  feces  (Maynard 
and  others  1979).   DE  requirements  of  an  animal 
are  expressed  as  megacalories  per  animal  per  day 
or  as  megacalories  per  kilogram  of  dry  matter. 

Energy  needs  of  range  animals  vary  according  to 
weight  and  activity  of  the  animal.   Larger 
animals  require  more  kilograms  of  TDN  per  day 
for  a  given  activity  than  smaller  animals.   A 
lactating  female  requires  more  kilograms  of  TDN 
per  day  than  a  nonlactating  female  of  similar 
weight.   On  a  constant  weight  basis,  lactation 
requires  more  energy  than  any  other  activity. 
In  descending  order  of  energy  needs,  lactation 
is  followed  by  fattening,  growth,  gestation,  and 
maintenance  (National  Academy  of  Sciences  1975). 


Protein 

Animal  protein  makes  up  a  large  chemically 
related,  but  physiologically  diverse,  group  of 
compounds.   Protein  is  the  major  organic 
compound  of  the  organs  and  soft  tissues  of  the 
body.   All  proteins  are  made  from  a  common  set 
of  building  blocks  known  as  amino  acids. 
Proteins  are  the  chief  component  in  a  number  of 
bodily  structures  such  as:   (1)  skeletal  muscle 
for  external  movement,  (2)  smooth  muscle  for 
internal  movement  (including  passage  of  food 
through  the  digestive  tract,  breathing,  etc.), 

(3)  cardiac  muscle  for  the  movement  of  blood, 

(4)  tendons  and  ligaments  for  tying  together 
body  parts  such  as  bones,  muscles,  organs,  (5) 
organs  and  glands  such  as  the  stomach,  eye, 
pituitary,  and  skin  (with  its  covering  of  hair), 
and  (6)  other  structures  including  hemoglobin, 
cytochromes,  and  membranes.   Enzymes  are  another 
functionally  important  group  of  protein 
compounds.   Enzymes  provide  the  frameowrk  in 
which  the  chemical  reactions  of  the  body  take 
place. 

Because  proteins  are  involved  in  so  many  bodily 
functions,  the  animal  body  needs  a  liberal  and 


continuous  supply.   Like  energy,  the  protein 
requirement  of  an  animal  varies  according  to 
the  weight  and  activity.   For  ruminants  and 
other  animals  that  have  fermentation-type 
digestive  systems  (horses,  rabbits,  burros, 
etc.),  the  quality  of  the  protein  is  not 
important — only  the  quantity  of  the  protein. 
The  protein  requirement  of  an  animal  is 
expressed  as  grams  per  day  of  digestible 
protein  or  as  a  percent  digestible  protein  in 
the  diet.   Protein  requirement  may  also  be 
expressed  as  grams  per  day  of  crude  or  total 
protein  or  as  a  percent  of  crude  or  total 
protein  in  the  diet.   As  with  energy,  the 
greater  the  weight  of  the  animal,  the  higher 
the  protein  needs.   This  assumes  that  activity 
is  held  constant.   Protein  needs  for  the 
various  animal  activities  with  body  weight 
held  constant  are  in  the  same  order  as  for 
energy  (National  Academy  of  Sciences  1975). 


Minerals 

About  15  elements  are  essential  for  the  health 
of  animals.   Of  these,  seven  are  considered 
major  elements:   sodium,  chlorine,  calcium, 
phosphorus,  magnesium,  potassium,  and  sulfur. 
The  remaining  eight  are  classified  as  tract 
elements:   iodine,  iron,  copper,  molybdenum, 
cobalt,  manganese,  zinc,  and  selenium.   These 
essential  mineral  elements  constitute  the  major 
components  of  bones  and  teeth,  maintain  osmotic 
relations  and  acid-base  equilibrium,  play  an 
important  role  in  regulating  enzymatic  systems 
and  muscular  contraction,  and  are  constituents 
of  most  organic  compounds.   They  are  also 
important  in  energy  transfer  (Ensminger  and 
Oletine  1978,  Maynard  and  others  1979). 

Under  most  conditions,  calcium  and  phosphorus 
are  the  mineral  elements  of  major  concern. 
Animal  needs  for  calcium  and  phosphorus  are 
expressed  as  grams  per  day  per  animal  or  as  a 
percentage  of  the  diet.   Larger  animals  under 
similar  activity  need  greater  amounts  of  calcium 
and  phosphorus  than  smaller  animals.   With  size 
held  constant  lactating  animals  require  the  most 
calcium  and  phosphorus;  followed  by  growth, 
fattening,  gestation,  and  maintenance  (National 
Academy  of  Sciences  1975). 


Vitamins 

Vitamins  are  organic  compounds  the  body  needs  in 
relatively  small  amounts.   Vitamins  are 
unrelated  chemically,  but  function  as  metabolic 
regulators  (Maynard  and  others  1979) .   For 
animals  capable  of  supporting  microbial 
fermentation,  only  vitamin-A  is  of  major 
concern.   Vitamin-A  combines  with  a  specific 
protein  of  the  eye  to  produce  visual  purple.   In 
addition  to  visual  purple,  vitamin-A  plays  an 
important  role  in  normal  development  of  bones, 
in  the  normal  power  of  disease  resistance,  and 
in  maintaining  healthy  epithelium  tissues. 
Vitamin-A  is  manufactured  from  the  plant 
precursor  carotene.   Therefore,  the  vitamin-A 
requirement  is  expressed  in  terms  of  carotene 
either  as  milligrams  per  animal  per  day  or 
milligrams  per  kilogram  of  dry  matter.   With 
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size  held  constant  a  lactating  animal  requires 
the  most  carotene;  followed  by  growth, 
fattening,  gestation,  and  maintenance 
(National  Academy  of  Sciences  1975). 


JUDGING  THE  NUTRITIVE  VALUES  OF  RANGE  PLANTS 

The  nutritive  value  of  a  range  plant  must  be 
judged  in  terms  of  how  well  the  plant  meets 
the  various  nutrient  requirements  of  the 
consuming  animals.   Nutritive  value  can  be 
determined  by  three  means:   (1)  proximal 
analysis,  (2)  in  vitro  digestibility,  and  (3) 
in  vivo  digestibility. 


Proximal  Analysis 

Proximal  analysis  is  a  series  of  chemical 
analyses  that  determines  the  crude  protein, 
crude  fat,  crude  fiber,  and  ash  content  of  a 
forage  on  a  dry  matter  basis.   A  fifth  class, 
called  nitrogen-free  extract,  is  determined  by 
nonchemical  means  by  subtracting  the 
percentages  of  the  other  components  from  100. 

Other  chemical  analyses  that  are  useful  in 
judging  the  nutritive  value  of  range  plants 
are  the  percentage  of  cellulose  and  lignin. 
Although  the  chemical  makeup  of  range  forages 
indicates  probably  nutritive  value, 
digestibility  is  the  major  criterion,  when 
judging  the  ability  of  a  forage  to  meet  the 
nutrient  needs  of  an  animal. 


In  Vitro  and  In  Vivo  Digestibility 

Digestibility  can  be  determined  by  ±n   vitro 
(outside  the  animal's  body)  or  in  vivo  (in  the 
animal's  body)  means.   In  vitro  digestibility 
is  a  laboratory  technique  that  simulates 
natural  ruminant  digestion.   The  results  are 
expressed  as  a  percentage  of  dry  matter 
digested  (Pearson  1970).   The  main  advantages 
of  ^n  vitro  digestibility  techniques  are  its 
simplicity,  speed,  precision,  and  low  cost. 
The  main  disadvantage  is  that  the 
digestibility  of  individual  nutrients  (i.e., 
crude  protein)  is  unknown. 

The  _in  vivo  digestibility  technique  consists 
of  feeding  the  forage  of  interest  (usually 
alone)  and  collecting  the  feces.   Through 
chemical  means,  the  amount  of  nutrients  being 
consumed  by  the  test  animals  and  being 
excreted  in  the  feces  is  known.   The 
difference  between  the  two  would  represent  the 
portion  of  the  nutrients  in  the  forage 
digested  by  the  animals.   Results  of  in  vivo 
digestibility  trials  are  expressed  as 
digestion  coefficients  of  the  various 
proximate  analysis  classes  of  crude  protein, 


fat,  fiber,  nitrogen-free  extract,  and  as 
total  digestible  nutrients.   Total  digestible 
nutrients  is  an  estimate  of  the  digestible 
energy  of  a  forage.   Total  digestible  nutrients 
is  a  sum  of  all  the  digestible  organic 
nutrients  (protein,  fiber,  nitrogen-free 
extract)  with  the  digestible  fat  fraction 
multiplied  by  the  energy  factor  2.25. 

The  main  advantage  of  the  In  vivo  digestibility 
technique  is  a  complete  knowledge  concerning  the 
digestibility  of  individual  nutrients.   Its  main 
advantage  is  cost  and  time. 


Factors  Affecting  the  Nutritive  Values  of  Range 
Plants 

Factors  that  affect  the  morphology  and 
metabolism  of  range  plants  also  affect  nutritive 
value.   These  factors  include  climate,  soil,  and 
genetic  factors.   These  factors  usually  express 
themselves  in  influencing  the  speed  of  the 
phenological  development.   In  general,  the 
nutritive  values  of  range  plants  peak  in  the 
spring  and  then  decrease,  reaching  a  low  level 
during  the  dormant  season  (Urness  1980) .   This 
is  illustrated  in  table  1.   For  all  three  range 

Table  1. — Seasonal  variation  in  crude  protein 
content  of  three  range  plants,  dry  matter  basis 
(data  from  Tueller  1979). 


Fo 

rage 

Big 

Antelope 

Date 

sagebrush 

bitterbrush 

Grass 

6/68 

11.8 

13.4 

13.4 

7/68 

12.7 

12.8 

7.8 

9/68 

11.8 

9.7 

9.6 

12/68 

10.5 

7.5 

2.7 

2/69 

14.0 

9.9 

3.4 

5/69 

15.0 

11.3 

21.3 

plants:   big  sagebrush  (Artemisia  tridentata), 
antelope  bitterbrush  (Purshia  tridentata) ,  and 
unknown  grass,  the  crude  protein  content  was 
highest  during  the  spring  and  lowest  during  the 
winter.   The  two  shrubs  seem  genetically  coded 
to  maintain  (through  the  dormant  season)  a 
greater  crude  protein  content  than  grass.   Big 
sagebrush  dry  matter  contains  higher  winter 
levels  of  crude  protein  than  antelope 
bitterbrush  (Welch  1981,  table  1).   It  has  been 
reported  that  accessions  of  big  sagebrush, 
antelope  bitterbrush,  and  fourwing  saltbush 
(Atriplex  canescens)  grown  on  a  common  garden 
vary  significantly  in  mid-winter  content  of 
crude  protein  (Welch  and  McArthur  1979,  Welch 
and  Monsen  1981,  Welch  and  others  1983).   Also, 
genetic  factors  play  an  important  role  in  big 
sagebrush  digestibility,  preference,  and  growth 
rates  (Welch  and  others  1981,  Welch  and  Pederson 
1981,  McArthur  and  Welch  1982). 
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USING  SHRUBS  TO  INCREASE  THE  NUTRITIVE  VALUE  OF 
WINTER  RANGES 

Some  range  plants  supply  certain  winter 
nutrients  below  the  level  needed  by  the 
consuming  animal  (Urness  1980).   In  general, 
three  nutrients  are  in  short  supply  in  winter 
forages  (Dietz  1965).   These  nutrients  are 
energy  (TDN) ,  protein,  and  phosphorus.   The 
following  discussion  will  demonstrate  that 
palatable  shrubs  can  increase  the  nutritive 
value  of  winter  ranges  for  livestock  and 
wildlife. 

Total  digestible  nutrient  requirements  for 
wintering  a  150-pound  ewe  (maintenance)  is  55 
percent  of  dry  matter  consumed  (National 
Academy  of  Sciences  1975).   The  nutritive  needs 
of  wintering  mule  deer  have  not  been 
determined.   Because  of  the  similarity  in  the 
digestive  tract  and  eating  habits  of  mule  deer 
and  sheep,  it  is  assumed  that  the  nutritive 
needs  of  wintering  mule  deer  are  similar  to 
sheep.   Table  2  lists  the  amount  of  TDN  in 
winter  shrubs  and  grasses  as  determined  with 


Table  2. — The  amount  of  total  digestible 
nutrients  in  winter  forages.   Data  expressed  as 
percentage  of  dry  matter  (table  adapted  from 
Welch  1981) 


Forages 


Total 

digestible 

nutrients 


Reference 


Curlleaf  mahogany 

Big  sagebrush 

Juniper 

Sand  dropseed 

Western  wheatgrass 

True  mahogany 

Indian  ricegrass 

Bitterbrush 

Nee dle-and- thread 

Winterfat 

Chokecherry 

Gambel  oak 

Nuttall  saltbush 

Shadscale 

-i 


(percent^ 

64.8 

9)J 

1,2,3 

61.3 

(58. 

1,2,3,4,5,6,7 

60.8 

(52. 

2,3 

59.0 

6,9 

57.6 

6,8,9 

48.4 

1,2,4 

48.2 

6,9 

46.0 

1,2,3,5 

45.1 

6,8,9 

40.0 

6,8,9 

38.9 

2 

36.2 

2 

36.0 

9 

31.0 

9 

The  total  digestible  nutrient  requirements  for 
wintering  sheep,  and  probably  mule  deer,  are  55 
percent  (National  Academy  of  Sciences  1975). 

2 

1  =  Urness  and  others  1977  -  deer;  2  =  Smith 

1957  -  deer;  3  =  Smith  1952  -  deer;  4  =  Dietz  and 

others  1962  -  deer;  5  =  Bissell  and  others  1955  - 

deer;  6  =  Cook  and  others  1954  -  sheep;  7  =  Smith 

1950  -  deer;  8  =  Morrison  1961  -  sheep;  9  = 

National  Academy  of  Sciences  1964  -  sheep. 

3 
Values  in  ()  corrected  for  presence  of  monoter- 

penoids  (Welch  and  McArthur  1979). 


mule  deer  and  sheep.   Evergreen  shrubs  (curlleaf 
mahogany,  big  sagebrush,  and  juniper)  and  two 
grasses  (sand  dropseed  and  western  wheatgrass) 
supply  enough  TDN  to  exceed  the  55  percent 


requirement.   In  general,  grasses  are  higher 
in  winter  levels  of  TDN  than  shrubs  (Cook 
1972,  Welch  1981)  although  it  is  evident  from 
the  data  in  table  2  that  certain  evergreen 
shrubs  supply  as  much  or  more  winter-level  TDN 
as  grasses. 

According  to  the  National  Academy  of  Sciences 
(1975),  the  digestible  protein  requirement  for 
wintering  sheep,  and  probably  mule  deer,  is 
4.8  percent  of  dry  matter  consumed.   Table  3 
lists  the  winter  content  of  digestible  protein 
of  shrubs  and  grasses  determined  with  mule 
deer  and  sheep.   Fourwing  saltbush,  winterfat, 
big  sagebrush,  and  curlleaf  mahogany  (all 
evergreen  shrubs)  exceed  the  digestible 
protein  requirement. 

Table  3. — The  amount  of  digestible  protein  in 
winter  forages.  Data  expressed  as  percentage 
of  dry  matter  (table  adapted  from  Welch  1981) 


Digestible 
protein 

2 
Reference 

Forage 

(percent) 

Fourwing  saltbush 

8.2 

1 

Winterfat 

6.7 

1,3,8,9 

Big  sagebrush 

6.0 

2,3,4,5,6,9 

Curlleaf  mahogany 

5.9 

5,7 

Black  sagebrush 

4.5 

3,9 

Shadscale 

4.3 

3,9 

Nuttall  saltbush 

3.4 

3 

Mountain  mahogany 

3.4 

2,5 

Bitterbrush 

3.3 

2,4,5,7 

Sand  dropseed 

1.2 

3 

Needle-and-thread 

1.2 

3,9 

Western  wheatgrass 

.5 

1,3,9 

Indian  ricegrass 
i 

.2 

3,9 

The  digestible  protein  requirements  for  win- 
tering sheep  and  probably  mule  deer,  are  h.& 
percent  (National  Academy  of  Sciences  1975). 

2 

1  =  Otsyina  and  others  1980-sheep;  2  =  Dietz 

and  others  1962-deer;  3  =  National  Acad,  of  Sci. 

1964-sheep;  4  =  Bissell  and  others  1955-deer; 

7  =  Smith  1952-deer;  8  =  Morrison  1961-sheep; 

9  =  Cook  and  others  1954-sheep. 


Black  sagebrush  and  shadscale,  also  evergreen 
shrubs,  supply  digestible  protein  just  below 
the  requirement  of  4.8  percent.   The 
semi-evergreen  Nuttall  saltbush  (this  term  in 
the  Publications  Cited  is  better  referred  to  as 
Gardner  saltbush  [Stutz  and  others  1979])  and 
the  deciduous  shrubs,  such  as  bitterbrush  and 
mountain  mahogany,  supply  digestible  protein 
well  below  the  requirement. 

Dormant  grasses,  such  as  sand  dropseed, 
needle-and-thread,  western  wheatgrass,  and 
Indian  ricegrass  are  even  lower  in  digestible 
protein  than  the  deciduous  shrubs.   In 
general,  shrubs  are  higher  in  winter  levels  of 
digestible  proteins  than  are  grasses  (Cook 
1972,  Welch  1981). 

The  calcium  and  phosphorus  requirements  for 
wintering  sheep,  and  probably  mule  deer,  range 
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Table  4. 
matter. 


—The  amount  of  calcium  and  phosphorus  in  winter  forages;  data  expressed  as  percentage  of  dry 


Forage 


Phosphorus 


Calcium 


Reference 


Aspen 

Big  sagebrush 

Juniper 

Chokecherry 

Curlleaf  mahogany 

Black  sage 

Saskatoon  serviceberry 

Fourwing  saltbush 

Nuttall  saltbush 

Bitterbrush 

Mountain  mahogany 

Winterfat 

Shadscale 

Desert  bitterbrush 

Nee dle-and- thread 

Western  wheatgrass 

Sand  dropseed  grass 

Indian  ricegrass 


percent 

0.23 
.22 
.19 
.18 
.17 
.17 
.17 
.15 
.15 
.13 
.13 
.12 
.11 
.10 
.07 
.07 
.07 
.06 


percent 


0.65 
1.20 


.62 

1.19 
2.56 
.68 
.73 
2.10 
2.44 

.67 
.67 
.48 

.54 


6 

1, 

1, 

5, 

5, 

2, 

5, 

4 

2, 

1. 

1, 

2, 

2, 

5 

2, 

2, 

2, 

2, 


2,  3,  4,  5,  7, 
4,  5 

9 
8 

3,  4 
9 

3,  4 

4,  5 
7 

3,  4 

3,  4 

3,  4 

3,  4 

3,  4 

3,  4 


The  calcium  and  phosphorus  requirements  for  wintering  sheep  and  deer  range  from  0.25  to  0.35  percent 
and  0.18  to  0.28  percent,  respectively  (National  Academy  of  Sciences  1975). 

2 
1  =  Dietz  and  others  1962,  2  =  National  Academy  of  Sciences  1964,  3  =  Cook  and  others  1954;  4  =  National 

Academy  of  Sciences  1958,  5  =  Tueller  1979;  6  =  Tueller  1979,  6  =  Short  and  others  1982;  7  =  Medin  and 

Anderson  1979  (data  converted  to  dry-matter  basis),  8  =  Trout  and  Thiessen  1973;  9  =  Dietz  1972. 


from  0.25  to  0.35  percent  and  0.18  to  0.28 
percent,  respectively,  of  dry  matter  consumed 
(National  Academy  of  Sciences  1975).   Table  4 
lists  the  winter  content  of  calcium  and 
phosphorus  for  selected  range  plants.   All 
forages  listed  supply  calcium  well  above  the 
needs  for  the  wintering  animals.   None  of  the 
forages  listed  meets  the  upper  requirement  for 
phosphorus.   Only  five  of  the  forages  (all 
shrubs)  meet  the  lower  range  of  the  phosphorus 
requirement.   In  general,  shrubs  are  higher  in 
winter  levels  of  phosphorus  than  are  grasses 
(Cook  1972,  W.elch  1981). 

The  winter  diets  of  range  animals  are  not 
usually  considered  deficient  in  carotene.   Based 
on  data  in  table  5,  however,  range  animals 
consuming  large  amounts  of  dormant  grass  could 
easily  develop  a  vitamin-A  deficiency.   All  the 
shrubs  listed  in  table  5  supply  carotene  at  a 
level  many  times  above  the  carotene  requirement 
of  wintering  sheep,  and  probably  mule  deer  (1.8 
mg/lb)  (National  Academy  of  Sciences  1964).   In 
general,  shrubs  supply  higher  winter  levels  of 
carotene  than  grasses  (Cook  1972,  Welch  1981). 

It  is  apparent  that  palatable  shrubs  can 
increase  the  amount  of  protein,  phosphorus,  and 
carotene  on  winter  ranges  for  livestock  and 
wildlife.   Also,  certain  evergreen  shrubs  can 
increase  the  amount  of  TDN  on  winter  ranges. 


Increasing  the  density  of  palatable  shrubs  by 
one  or  more  of  the  techniques  available  can 
effect  a  dramatic  improvement  in  the  nutritive 
value  of  range  forage. 


Table  5. — The  amount  of  carotene  in  winter 
forages.   Data  expressed  as  milligrams  per  pond 
of  dry  matter  (table  adapted  from  Welch  198l). 

i- 


Forage 


Carotene 


mg/lb 


Shadscale 

10 

0 

Nuttall  saltbush 

8 

6 

Big  sagebrush 

8 

2 

Black  sage 

8 

0 

Winterfat 

7 

6 

Sand  dropseed 

6 

Western  wheatgrass 

3 

Need le-and- thread 

2 

Indian  ricegrass 

2 

Reference 

1 

2 

1 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

1 

2 

The  carotene  requirement  for  wintering  sheep, 
and  probably  mule  deer,  is  1.8  mg/lb  (National 
Academy  of  Sciences  1964). 

2 

1  =  National  Academy  of  Sciences  1964; 

2  =  National  Academy  of  Sciences  1958. 
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EVALUATION  OF  MANAGEMENT  AS  A  FACTOR  IN  THE  SUCCESS  OF  GRAZING  SYSTEMS 

W.  A.  Laycock 


ABSTRACT:   The  literature  on  grazing  systems  on 
rangelands  is  confusing  and  contradictory,  espe- 
cially concerning  the  effects  of  continuous 
grazing  versus  specialized  grazing  systems.   This 
paper  evaluates  the  role  of  all  aspects  of  manage- 
ment in  the  success  or  failure  of  grazing  systems. 
Management  (fencing,  water  development,  undesir- 
able plant  control,  and  factors  influencing 
animal  distribution)  taken  as  a  whole  may  be  the 
key  to  success  or  failure  of  any  particular 
grazing  system  and  the  grazing  controls  (timing 
and  intensity  of  grazing)  may  have  little 
additional  effect. 

INTRODUCTION 

The  literature  on  the  effects  of  different  graz- 
ing systems  on  herbage  yield,  range  condition, 
and  livestock  performance  is  confusing  and,  in 
many  cases,  contradictory.   The  only  general  con- 
census seems  to  be  that  almost  any  system  is 
better  than  heavy  continuous  or  heavy  season-long 
use  for  most  range  types,  but  there  may  be  excep- 
tions.  Too  often  a  grazing  system  has  been 
applied  because  it  worked  elsewhere,  because  an 
agency  is  committed  to  using  the  system  elsewhere, 
or  for  no  reason  at  all.   For  example,  in  the 
1960's  and  1970' s  "rest-rotation"  became  the 
system  for  Forest  Service  and  BLM  allotments 
throughout  the  West.   This  system,  originally 
designed  for  an  Idaho  fescue  (Festuca  idahoensis) 
bunchgrass-type  range,  has  been  widely  expanded 
into  other  vegetation  types  with  varying  success. 
Rest-rotation  systems  have  been  proposed  or 
applied  to  vegetation  types  where  the  physiology 
or  life  cycle  of  the  dominant  plant  species  makes 
such  a  system  inappropriate,  such  as  ranges 
dominated  by  cheatgrass  brome  (Bromus  tectorum) 
or  seeded  to  crested  wheatgrass  (Agropyron 
cristatum  or  A.  desertorum) . 

The  grazing  system  or  method  for  the  1980 's  seems 
to  be  "short  duration  grazing"  (Savory  1978)  or 
the  "Savory  grazing  method"  (Savory  and  Parsons 
1980).   In  the  United  States,  most  applications 
of  this  have  been  in  the  Southwest,  but  both 
research  and  on-the-ground  applications  are 
increasing  throughout  the  West. 


W.  A.  Laycock  is  a  Range  Scientist  with  the 
USDA,  Agricultural  Research  Service,  Crops 
Research  Laboratory,  Colorado  State  University, 
Fort  Collins,  Colo. 


What  is  a  grazing  system?   A  glossary  published 
by  the  Society  for  Range  Management  (1974)  ,  con- 
tains these  definitions: 

GRAZING  MANAGEMENT:   The  manipulation  of 
livestock  grazing  to  accomplish  a  desired 
result . 

GRAZING  SYSTEM.   A  specialization  of 
grazing  management  which  defines  systemati- 
cally recurring  periods  of  grazing  and 
deferment  for  two  or  more  pastures  or 
management  units. 

Vallentine  (1979)  proposed  that  the  term  "grazing 
system"  be  restricted  to  seasonal  patterns  of 
grazing  rather  than  used  as  a  description  of 
day-to-day  provisioning  of  livestock  feed. 
Vallentine  presented  two  major  misconceptions 
about  grazing  systems:   (1)  a  universal  grazing 
system  exists;  and  (2)  specialized  grazing 
systems  are  the  long-awaited  panacea  that  will 
permit  ignoring  the  other  principles  of  grazing 
management.   He  further  stated  that,  unless  the 
confines  of  the  feasible  or  realistically  maximum 
season  of  grazing  are  first  established,  the 
effective  application  of  any  grazing  system  will 
be  thwarted. 

A  main  problem  with  much  of  the  research  on 
grazing  systems  and  their  application  has  been 
that  other  principles  of  good  range  management 
were  not  considered  important  to  the  outcome  or 
their  effects  were  not  measured.   In  actual 
practice  all  or  some  of  the  following  management 
tools  usually  are  applied  in  addition  to  the 
regulation  of  grazing:   fencing,  water  develop- 
ment, seeding,  brush  control,  fertilizing,  salt 
distribution,  and  intensified  animal  husbandry 
to  improve  distribution. 

An  exception  to  the  lack  of  understanding  or  con- 
sideration of  the  role  of  management  in  the 
success  or  failure  of  a  grazing  system  may  be  the 
Savory  grazing  method.   It  is  applied  in  conjunc- 
tion with  what  is  termed  "holistic  ranch  planning" 
(Savory  and  Parsons  1980).   However,  this  planning 
concentrates  on  total  ranch  and  business  manage- 
ment more  than  on  the  evaluation  of  the  specific 
management  tools  (fencing,  water  development, 
and  so  forth)  that  must  be  applied  before  the 
grazing  system  is  started. 

This  paper  evaluates  the  role  of  all  aspects  of 
management  in  the  success  or  failure  of  grazing 
systems.   Many  reviews  that  compare  two  or  more 
grazing  systems  will  be  examined  to  determine  the 
degree  that  management  has  played  as  part  of  a 
grazing  system. 
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CHARACTERISTICS  OF  SUCCESSFUL  GRAZING  SYSTEMS 

Hyder  and  Bement  (1977)  stated  that  the  following 
should  be  required  in  planning  a  grazing  system: 
(1)  stocking  rates  that  will  achieve  moderate 
grazing  during  the  growing  season  to  obtain 
good  herbage  production;  (2)  occasional   rest 
during  the  growing  season;  and  (3)  occasional 
heavy  grazing  when  plants  are  dormant  to  reduce 
ungrazed  plants  and  promote  more  uniform  grazing. 

Vallentine  (1979)  suggested  that  the  following 
are  minimal  characteristics  of  an  effective 
grazing  system: 

1.  The  system  must  be  based  on  the  physiological 
requirements  and  life  history  of  the  primary 
forage  plants  and  be  suited  to  them. 

2.  It  will  improve  condition  on  low-condition 
range  or  maintain  high-condition  range. 

3.  It  is  adapted  to  existing  soil  conditions,  and 
erosion  and  puddling  will  not  result  from  its 
use. 

4.  The  system  is  not  detrimental  to  animal  gain 
and  will  minimize  disturbance  of  livestock. 

5.  It  must  be  economically  sound;  range  improve- 
ment may  be  slow  and  the  cost  of  additional 
fencing  and  stockwater  development  may  be  high. 

6.  The  system  must  be  practical  to  implement, 
reasonably  simple  to  operate,  and  flexible 
enough  to  meet  fluctuations  in  forage  pro- 
duction caused  by  weather. 

7.  The  system  must  fit  in  with  the  total  grazing 
management  plan  for  the  ranch,  operational 
unit,  or  allotment. 

In  a  little-cited  paper,  Heady  (1974)  presented 
the  beginning  of  a  theory  for  seasonal  grazing. 
Except  for  some  areas  in  the  Southern  United 
States,  seasonal  grazing  is  what  is  important 
when  we  discuss  grazing  systems.   Heady  outlined 
the  objectives  of  seasonal  grazing: 

Grazing  during  a  certain  time  period  aims 
for  one  or  more  of  the  following:   (1)  reha- 
bilitation of  range  condition  and  soil  stabi- 
lization, or  maintenance  of  ecosystems  in 
satisfactory  condition;  (2)  sustained  high 
animal  production;  (3)  efficient  use  of  all 
available  feed  (We  seldom  see  that  objective 
in  our  literature  but  South  African  litera- 
ture often  starts  with  it  as  the  headline.); 
(4)  a  way  to  keep  more  animals  (That  one, 
too,  we  only  occasionally  hear.);  and  (5)  a 
dense  cover  of  the  palatable  species  and 
reduction  of  the  unpalatable  species  by 
reducing  selective  grazing.   All  but  the 
first  aim  at  maximum  livestock  production 
and  give  emphasis  to  the  needs  of  animals. 

Heady  (1974)  proposed  that,  if  a  range  manager 
had  the  answers  to  the  following  questions,  he 
could  put  together  a  logical  grazing  schedule  or 


grazing  system:   (1)  When  does  defoliation  do  the 
most  harm  and  when  is  the  greatest  plant  response 
without  defoliation?   (2)  What  are  the  criteria 
for  taking  animals  out  of  a  pasture  and  for 
selecting  the  pasture  into  which  they  are 
placed?   (3)  What  is  the  ideal  length  of  the 
grazing  period  and  the  span  of  time  without 
grazing?   Heady  stated  that  very  few  answers  to 
these  questions  exist  for  specific  areas  and  at 
the  scale  of  practical  grazing  schedules. 

Until  we  can  more  completely  answer  these 
questions,  increasing  our  knowledge  of  the  effect 
of  all  management  factors  will  be  more  productive 
than  searches  for  specific  grazing  systems  to 
solve  our  range  management  problems. 

We  do  have  partial  answers  to  some  of  the 
questions  for  some  species,  but  this  knowledge 
is  often  ignored  by  managers.   A  case  in  point  is 
crested  wheatgrass.   Studies  in  Saskatchewan 
(Lodge  and  others  1972)  ,  Utah  (Frischknecht  and 
Harris  1968),  Idaho  (Sharp  1970),  New  Mexico 
(Springfield  1963),  and  other  places  indicate 
that  crested  wheatgrass  can  be  grazed  rather 
heavily  every  year  without  causing  damage  to  the 
stand.   Some  studies  also  point  out  the  definite 
utilization  and  cattle  gain  problems  that  result 
from  letting  crested  wheatgrass  grow  to  maturity 
ungrazed.   In  spite  of  this,  some  public  land 
managers  have  recommended  rest-rotation  grazing 
fifty  percent  or  less  utilization  for  crested 
wheatgrass. 

OTHER  COMPARISONS  OF  GRAZING  SYSTEMS 

As  mentioned,  the  literature  on  the  effects  of 
different  grazing  systems  are  varied  and  incon- 
sistent.  Hickey  (undated,  about  1967)  reviewed 
49  research  papers  published  between  1895  and 
1966.   He  reached  the  following  conclusions  about 
some  specific  grazing  systems: 

Rotation  of  four  pastures  or  more:   Available 
literature  was  insufficient  to  support 
definite  statements. 

Deferred  grazing:   Rate  of  improvement  appears  to 
be  related  to  frequency  and  duration  of  rest. 

Deferred  rotation  and  rotational  deferment: 
There  were  too  few  research  papers  to 
support  conclusions. 

Rest-rotation:   "All  authors  appear  to  agree  that 
this  is  the  best  long-range  grazing  system 
from  all  aspects  of  the  livestock  industry. 
This  method  appears  to  offer  the  greatest 
net  returns  per  dollar  of  investment." 
However,  Hickey  reviewed  only  six  rest- 
rotation  studies,  three  of  which  were 
progress  reports  from  the  original  study  at 
Harvey  Valley,  California. 


167 


Driscoll  (1967)  examined  50  reports  of  studies 
comparing  livestock  and  vegetation  responses 
under  continuous  grazing  versus  some  other  system. 
Based  on  29  reports,  livestock  weight  gains  were 
greater  under  continuous  grazing  in  12  studies, 
greater  in  special  systems  in  8  studies  and  not 
different  between  systems  in  9  studies.   In  39 
reports  comparing  responses  of  desirable  species 
of  vegetation,  only  3  indicated  improvement  of 
vegetation  under  continuous  grazing  while  31 
indicated  decline  of  condition  under  continuous 
grazing  compared  to  some  other  system;  5  studies 
showed  no  difference.   Driscoll  concluded:   "It 
is  apparent  from  this  review  that  some  system  of 
grazing  other  than  continuous  or  season-long 
will  probably  be  needed  to  improve  the  vegetal 
condition  of  most  rangelands." 

More  recent  reviews  of  research  reach  conclusions 
somewhat  different  from  those  of  Hickey  and 
Driscoll.   Shiflet  and  Heady  (1971)  reviewed 
published  studies  on  specialized  grazing  systems 
in  the  United  States  but  did  not  necessarily 
make  comparisons  with  continuous  grazing.   They 
concluded  that  specialized  grazing  systems  vary 
from  highly  successful  to  totally  unsuccessful. 
Some  systems  improved  vegetal  cover  or  production 
but  not  livestock  production,  others  increased 
livestock  production  with  no  effect  on  the 
vegetation,  and  a  few  improved  both  vegetation 
and  livestock. 

Herbel  (1974),  in  a  review  of  grazing  systems  on 
native  ranges  of  the  Western  United  States,  found 
that  any  grazing  system  other  than  continuous  had 
only  limited  success  on  rangelands  grazed  only 
part  of  the  year  (seasonal  ranges) .   Herbel 
further  concluded  that  "most  studies  have  shown 
that  livestock  production  per  animal  is  the  same 
or  lower  for  a  rotational  system  compared  to 
continuous  grazing." 

In  a  review  article  that  has  received  little 
attention  in  the  United  States,  Gammon  (1978) 
reviewed  62  published  studies  comparing  systems 
of  grazing  management,  not  only  in  the  United 
States  but  in  South  Africa,  Rhodesia,  and  other 
countries.   He  reviewed  the  claims  made  of  the 
benefits  to  be  derived  from  various  rotational 
methods  of  grazing  management,  including  increase 
in  herbage  yield,  increase  in  pasture  condition, 
and  increase  in  grazing  capacity  and  output  of 
animal  products.   He  concluded  that  "many  or  most 
of  the  claims  were  extravagant  or  unsubstantiated." 
Gammon  found  that  fewer  than  half  of  the  studies 
comparing  rotational  systems  to  continuous 
grazing  reported  pasture  improvement  relative  to 
continuous  grazing.   In  the  majority  of  the  exper- 
iments, animal  production  in  the  rotational 
systems  was  either  similar  to  or  poorer  than 
achieved  under  continuous  grazing.   No  rotational 
system  consistently  resulted  in  improved  pasture 
conditions  or  increased  animal  production.   How- 


ever, Gammon  did  indicate  that  some  form  of 
rotational  grazing  may  be  desirable  but  that  no 
conclusive  experimental  evidence  indicates 
superiority  of  one  form  of  rotational  management 
over  any  other,  and  that  systems  with  eight  or 
more  paddocks  provide  little  or  no   advantage 
over  systems  with  fewer  paddocks. 

REASONS  FOR  LACK  OF  AGREEMENT  IN  RESULTS  OF 
GRAZING  STUDIES 

Gammon  (1978)  detailed  the  factors  he  felt 
caused  the  disparity  in  results  of  grazing 
management  experiments.   These  are  presented 
below  with  information  from  other  sources  added 
where  appropriate. 

Failure  of  Experiments  to  Reveal  Potential 
Differences 

Limitations  of  Design — Improper  experimental 
design,  including  lack  of  replication,  inadequate 
data  collection,  and  improper  use  of  statistics 
are  common  problems  in  grazing  studies.   In  many 
studies,  grazing  and  rest  periods  have  been 
unrealistically  rigid,  paddocks  have  been  too 
small,  and  duration  of  the  studies  has  been 
insufficient  to  reveal  long-term  effects. 
Examples  of  the  failure  to  recognize  the  diffi- 
culty of  interpreting  short-term  results  from 
grazing  experiments  abound  in  the  literature. 
Ratliff  and  others  (1972)  cited  an  example  of 
"10  percent  increase  in  the  allowable  number  of 
cattle  after  only  one  year  of  rest-rotation 
grazing.   This  was  on  a  range  grazed  yearlong 
and  with  only  9  inches  of  precipitation 
annually."  Laycock  and  Conrad  (1981)  pointed  out 
that  no  system  can  be  evaluated  after  only  one 
year  to  determine  if  it  has  increased  carrying 
capacity,  especially  in  a  low  rainfall  area 
where  vegetation  responses  tend  to  be  very  slow. 

Stocking  rates  too  low — Potential  differences 
between  grazing  systems  are  more  likely  found  at 
relatively  high  stock  rates  than  at  the  moderate 
or  light  rates  that  have  been  used  in  many 
experiments. 

Limitations  to  Pasture  Management  Concepts 

Physiological  superiority  of  certain  systems — 
Gammon  (1978)  found  evidence  that  the  assumptions 
that  certain  grazing  systems  are  physiologically 
favorable  to  desirable  plants  are  often  invalid. 
Furthermore,  some  studies  indicate  that  the  root 
reserve  theory  basic  to  most  rotational  grazing 
systems  may  be  unsound  or  at  least  less  important 
than  was  previously  believed. 

Defoliation  effects — Effects  of  different  levels 
or  times  of  defoliation  have  been  evaluated, 
mainly  in  clipping  studies,  and  the  differences 
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in  response  from  clipping  versus  grazing  have  been 
shown  in  many  studies.   Mueggler  (1970,  1972) 
compared  effects  of  clipping  under  reduced  or  no 
competition  as  well  as  under  full  competition. 
One  year  after  severe  clipping,  bluebunch  wheat- 
grass  (Agropyron  spicatum)  plants  under  no  com- 
petition yielded  more  than  undipped  plants  under 
full  competition.   These  results  raise  serious 
questions  about  the  validity  of  many  clipping 
studies,  most  of  which  have  been  conducted  under 
conditions  of  complete  protection  from  grazing 
and  thus  under  full  competition  from  surrounding 
vegetation. 

Seeding  and  seedling  establishment  after  rest. — 
Although  this  has  been  an  important  part  of  many 
grazing  systems  in  the  United  States  and  South 
Africa,  only  two  of  the  experiments  reviewed  by 
Gammon  (1978)  presented  information  on  seed  dis- 
persal and  establishment  of  seedlings  following 
rest.   Both  studies  indicated  that  no  natural 
re-seeding  took  place.   In  support  of  this,  Hyder 
and  others  (1975)  stated  that  "attempts  to 
duplicate  nature  by  broadcasting  seeds  of  native 
dominant  perennial  grasses  on  untilled,  depleted 
rangeland,  with  or  without  trampling,  have  failed. 
Even  on  tilled  soils,  broadcasting  of  seed  gener- 
ally is  a  waste  of  time  on  semiarid  rangelands." 

Patterns  of  defoliation  during  grazing. — The 
assumption  that  defoliation  patterns  during 
grazing  are  clearly  different  between  rotational 
and  continuous  grazing  may  not  be  true  in 
correctly  stocked  pastures.   Several  studies 
reviewed  by  Gammon  (1978)  did  not  confirm  the 
popular  concept  that  frequent,  severe  defoliation 
takes  place  under  continuous  grazing;  individual 
plants  or  areas  within  continuous  grazed  pastures 
were  grazed  neither  continuously  nor  heavily. 
This  was  confirmed  by  Hart  and  Balla  (1982)  in 
studies  in  Wyoming.   Using  time-lapse  photography, 
they  determined  that  grazing  of  individual  tillers 
of  western  wheatgrass  (Agropyron  smithii)  was 
relatively  infrequent  even  under  continuous 
grazing  and  that  up  to  50  percent  of  individual 
tillers  remained  ungrazed  or  grazed  only  once 
during  a  10-week  grazing  season. 

Selective  grazing. — A  common  approach  to  the 
problem  of  selective  grazing  is  to  increase 
stocking  for  short  periods  to  induce  grazing  of 
the  less  palatable  plants.   This  forced  grazing 
usually  results  in  extreme  defoliation  of  the 
palatable  species.   If  the  heavy  grazing  is  for  a 
short  period  and  not  repeated  at  the  same  time 
year  after  year,  it  may  not  be  detrimental  to 
the  plants,  but  livestock  performance  probably 
will  suffer. 

Stocking  intensity. — In  grazing  management,  the 
benefit  of  rest  can  only  be  provided  by  increasing 
stocking  density  in  the  paddocks  being  grazed. 
Gammon  (1978)  stated  that  "it  is  a  common  false 


assumption  that  rest  or  deferment  can  compensate 
for  overuse  or  for  previous  critical  season  use, 
regardless  of  conditions."  This  was  borne  out 
on  the  arid  rangelands  of  the  Arizona  strip 
where  Hughes  (1979)  found  that  any  system  of 
grazing,  including  rest-rotation,  caused  deteri- 
oration of  the  vegetation  when  utilization 
exceeded  55  percent.   This  presumably  was  because 
the  rest  cycle  was  not  long  enough  to  compensate 
for  the  damage  caused  by  heavy  use. 

Management  practices  not  uniformly  applied. — 
Failure  to  evaluate  the  level  of  other  management 
factors  in  any  comparison  of  grazing  systems  may 
cause  misleading  results.   (This  is  the  major 
point  of  the  present  paper  and  it  will  be  dis- 
cussed further  below.) 

DISCUSSION 

The  importance  of  range  improvement  practices  and 
increased  level  of  management  in  the  success  of  a 
grazing  system  has  been  recognized  in  the  litera- 
ture, but  no  specific  evaluations  of  their  role 
have  been  made.   Shiflet  and  Heady  (1971)  in  their 
review  of  specialized  grazing  systems  stated: 

Numerous  other  benefits  are  attributed 
occasionally  to  specialized  grazing  systems. 
They  are  said  to  improve  distribution  of 
animals,  to  prevent  selective  grazing,  to 
foster  closer  supervision  of  livestock,  and 
to  permit  incorporation  of  range  improvement 
practices  in  the  range  management  program, 
such  as  planned  burning  schedules,  brush 
control,  reseeding,  and  protection  of  new 
seedlings.   Although  these  practices  are  or 
can  be  fostered  by  a  grazing  system,  they 
do  not  require  specialized  grazing  systems. 
They  are  valuable  range  improvement  practices 
in  themselves. 

Herbel  (1974)  stated: 

When  a  rotation  scheme  is  initiated,  range 
improvements  such  as  seeding,  brush  control, 
fencing,  and  water  developments  are  often 
not  properly  credited  for  observed  differ- 
ences when  compared  to  unimproved  ranges. 
Rather,  there  is  a  tendency  to  credit  the 
rotation  scheme  for  observed  improvements 
in  range  condition  or  animal  performance. 
Any  improvement  that  aids  livestock  distri- 
bution will  result  in  greater  productivity. 

In  a  study  conducted  on  high-elevation  sagebrush- 
grass  ranges  in  Utah,  Laycock  and  Conrad  (1981) 
found  no  differences  in  individual  cattle  gains 
or  vegetation  response  between  continuous  summer- 
long  grazing  (July  1-Sept .  30)  and  a  three-unit 
rest-rotation  system  over  a  7-year  period. 
Pastures  in  both  grazing  systems  had  adequate 
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and  well-distributed  water,  good  distribution  of 
salt,  and  adequate  dispersal  of  cattle  with 
riding.   The  lack  of  difference  between  the  two 
systems  was  because  both  had  the  same  level  of 
intensive  management. 

I  contend  that  the  level  of  management  is  the  key 
to  success  or  failure  of  any  particular  grazing 
management  scheme  and  that  the  grazing  controls 
imposed  may  have  little  additional  effect.   When 
a  grazing  study  is  conducted  or  a  grazing  system 
is  put  on  the  ground,  the  level  of  good  range 
management  invariably  is  increased  substantially. 
If  the  level  of  overall  management  is  the  key  to 
success  of  a  grazing  system  and  not  simply  the 
timing  of  grazing,  this  may  be  the  reason  many 
studies  show  no  differences  between  grazing 
systems.   It  also  may  be  why  so  many  range 
managers  are  happily  surprised  at  the  positive 
results  they  get  when  they  institute  a  grazing 
system. 

In  many  situations  when  a  particular  grazing 
system  is  to  be  applied,  fences  are  built,  water 
is  developed,  and  salting,  riding,  and  other 
management  is  intensified.   Then,  if  a  favorable 
response  in  the  vegetation  is  detected,  the 
tendency  is  to  say — "Look  what  this  grazing 
system  has  done  for  the  range."   In  reality,  the 
proper  statement  is — "Look  what  good  management 
(or  good  range  management)  has  done."  Range 
managers  should  apply  grazing  systems  that  pro- 
duce the  most  red  meat  in  the  most  economical 
manner,  while  preserving  the  productivity,  water- 
shed, open  space,  wildlife  values,  and  other 
attributes  of  ranges  in  good  condition.   If  the 
best  system  for  a  given  range  type  is  a  relatively 
complex  one  (rest-rotation,  short  duration,  and 
so  forth,)  then  it  should  be  used.   If  a  simpler 
system  (continuous,  simple  deferment,  or  others) 
gets  equally  good  or  better  results,  then  it 
should  be  used. 
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STAND  DYNAMICS  AND  MANAGEMENT  ALTERNATIVES 

FOR  PINYON-JUNIPER  WOODLANDS 

Richard  0.  Meeuwig 


ABSTRACT:   Pinyon- juniper  woodlands  occupy  more 
than  50  million  acres  (20  million  ha)  in  the 
western  United  States.   During  the  19th  century, 
vast  areas  around  mining  towns  and  other  settle- 
ments were  clearcut  for  firewood,  charcoal,  and 
other  products.   The  woodlands  have  been 
extensively  grazed  for  more  than  100  years,  but 
the  forage  resource  has  declined  drastically  as 
trees  have  reoccupied  the  cutover  areas  and  have 
moved  into  adjacent  fire  subclimax  communities. 
Management  alternatives  include:  complete  tree 
removal  with  or  without  seeding  to  grass,  manage- 
ment for  sustained  yield  of  fuelwood  and  other 
woodland  products,  and  custodial  management  with 
or  without  fire  protection.   Management  decisions 
for  each  stand  should  be  based  on  present  and 
future  resource  demands,  present  and  projected 
stand  characteristics,  site  characteristics, 
probability  of  successful  conversion,  and  costs  of 
conversion  and  maintenance  in  relation  to  expected 
benefits . 


INTRODUCTION 

The  pinyon-juniper  woodland  type  covers  more  than 
50  million  acres  (20  million  ha)  in  the  western 
United  States,  mostly  in  Nevada,  Utah,  Arizona, 
New  Mexico,  Colorado,  and  California.   In  addition, 
the  western  juniper  type  covers  several  million 
acres  in  Oregon  and  neighboring  states.   Western 
juniper  is  usually  considered  a  separate  cover 
type,  but  it  is  similar  to  the  pinyon-juniper  type 
in  many  ways. 

Pinyon-juniper  woodlands  grow  on  a  wide  variety  of 
soils  including  Mollisols,  Aridisols,  Entisols, 
Alfisols,  and  Vertisols.   Pinyon-juniper  grows  on 
most  well-drained  landforms.   The  lower  elevational 
limits  are  defined  by  one  or  more  of  the  following 
conditions:  (1)  marginal  soil  moisture,  (2)  poorly 
drained  soil,  (3)  salt  accumulation,  or 
(4)  atmospheric  temperature  inversion.   The  upper 
elevational  limits  are  usually  defined  by  competi- 
tion from  more  tolerant  species  or  by  temperature 
regime.   Elevations  usually  range  from  4,500  to 
8,000  ft  (1  400  to  2  400  m) ,  but  pinyon  has  been 
reported  as  low  as  2,000  ft  (600  m)  and  as  high  as 
10,000  ft  (3  000  m). 

Products  and  Past  Use 

Pinyon-juniper  woodlands  provide  a  variety  of 
products.   Pinyon  nuts  were  a  major  source  of  food 
for  Indians  for  many  centuries  and  are  still 
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harvested  extensively.   Throughout  the  Southwest, 
pinyon-juniper  woodlands  have  been  major  sources  of 
fuelwood,  fenceposts,  and  Christmas  trees.   The 
woodlands  supplied  most  of  the  charcoal  and  fuel- 
wood  for  the  booming  mining  industry  in  the  Great 
Basin  during  the  latter  half  of  the  19th  century 
(Young  and  Budy  1979).   Vast  areas  around  mining 
towns  and  other  settlements  were  clearcut. 
Throughout  the  rest  of  the  woodlands  most  stands 
have  been  high-graded,  leaving  residual  stands  of 
poor-form  trees  and  inferior  species. 

After  the  turn  of  the  century  and  until  the  energy 
crisis  of  the  early  1970's,  the  availability  of 
cheap  fossil  fuel  took  the  pressure  off  the 
pinyon-juniper  woodlands  as  a  source  of  fuelwood. 
As  tree  harvesting  declined,  the  woodlands  began 
to  recover.   The  partially  cut  and  clearcut  areas 
became  restocked  with  trees  and,  because  of  fire 
control  during  this  time  period,  pinyon  and 
juniper  moved  into  adjacent  communities  where 
recurring  fires  had  previously  excluded  them. 

Since  the  mid-19701 s,  the  rapidly  rising  costs  of 
fossil  fuels  have  caused  a  resurgence  of  fuelwood 
cutting  in  the  woodlands.   The  unexpected  increase 
in  demand  for  fuelwood  has  already  created 
shortages  around  several  urban  areas  (Gray  and 
others  1982)  and  future  demands  may  exceed 
production  over  most  of  the  pinyon-juniper  type. 

The  woodlands  have  been  grazed  by  livestock  for 
more  than  100  years  and  some  parts  around  the  old 
Spanish  settlements  in  New  Mexico  have  been  grazed 
for  as  long  as  400  years.   All  too  often,  grazing 
was  continuous  and  excessive,  resulting  in 
deteriorated  range  conditions  (Springfield  1976). 
Grazing  on  most  pinyon-juniper  ranges  has  been 
brought  under  management  in  the  past  70  years,  but 
recovery  of  the  range  has  been  slow.   The  forage 
resource  has  declined  drastically  as  trees 
reoccupied  cutover  areas  and  moved  into  adjacent 
shrub  and  grass  communities. 

In  the  past  35  years,  extensive  areas  of  pinyon- 
juniper  have  been  clearcut,  cabled,  chained, 
crushed,  or  burned  to  increase  forage  production 
for  livestock  and  big  game.   Some  of  these 
conversion  projects  were  successful,  but  many 
others  failed  to  increase  carrying  capacity  for 
more  than  a  few  years,  and  the  treated  areas  have 
been  reoccupied  by  young  juniper  and  pinyon  trees. 

As  a  result  of  past  use,  the  pinyon-juniper  stands 
of  today  consist  mainly  of  four  general  types: 

1.   A  few  virgin  stands  in  remote  areas  or  on 
poor  sites. 
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2.  Old  high-graded  stands  containing 
various  proportions  of  old,  poorly  formed  trees, 
trees  between  100  and  200  years  old  that  were 
too  small  to  cut  when  the  stands  were  harvested 
in  the  19th  century,  and  trees  less  than  100 
years  old  that  came  in  after  harvest. 

3.  Young  stands  that  have  reoccupied  areas 
where  virtually  all  trees  had  been  eliminated 
either  by  heavy  harvesting  or  type  conversion 
efforts. 

4.  Young  stands  that  have  invaded  adjacent 
communities  because  of  fire  protection. 


GROWTH  AND  PRODUCTIVITY 

Although  large  amounts  of  wood  have  been  harvested 
from  pinyon-juniper  woodlands,  little  thought 
has  been  given  to  managing  the  type  for  sustained 
yield  of  wood  and  there  has  been  little  research 
on  the  growth  characteristics  of  pinyon  and 
juniper.   A  number  of  studies  of  growth  and 
yield  were  made  shortly  before  World  War  II  but 
research  on  this  subject  was  not  resumed  until 
about  7  years  ago.   Recently  we  have  studied 
pinyon  and  juniper  growth  in  a  number  of  stands 
in  Nevada  and  California  using  stem  analysis 
techniques  (Meeuwig  and  Budy  1979;  Meeuwig 
1979).   Results  of  these  studies  led  to  the 
following  conclusions: 

1.  Diameter  growth  rates  are  not  directly 
related  to  tree  age  but  are  regulated  primarily 
by  competition.   Some  trees  in  dominant 
positions  have  maintained  essentially  constant 
diameter  growth  for  more  than  100  years. 

2.  Height  growth  rates  can  vary  widely  among 
trees  in  the  same  stand,  particularly  in  old, 
unevenaged  stands.   Yet  each  tree  grows  in  height 
at  a  fairly  constant  rate  throughout  most  of  its 
life.   Some  trees  were  found  to  have  maintained 
constant  height  growth  for  more  than  100  years. 
Reduction  in  height  growth  rates  appears  to  be 
caused  not  by  age  directly  but  by  approach  to  a 
site-specific  maximum  height. 

3.  Once  a  pinyon-juniper  stand  fully 
dominates  a  site,  the  basal  area  growth  of  that 
stand  becomes  remarkably  constant.   The  rate  of 
basal  area  growth  of  such  fully  stocked  stands 
appears  to  be  independent  of  stand  structure  but 
varies  from  site  to  site  and  can  therefore  be 
expected  to  be  a  good  index  of  site  quality. 

4.  Fuelwood  volume  growth  rates  continue 
to  increase  to  some  extent  after  basal  area 
growth  has  attained  a  constant  maximum.   Volume 
growth  rate  was  still  increasing  on  all  the 
study  plots,  even  the  oldest  plot  where  half  of 
the  trees  were  more  than  240  years  old. 

In  another  study  we  measured  basal  area  growth, 
aboveground  biomass  accumulation  rates,  and  fuel- 
wood  production  in  103  fully  stocked  stands 
scattered  across  Nevada  and  in  adjacent  parts  of 
California  (Meeuwig  and  Cooper  1981).   Basal 
area  growth  varied  from  0.4  to  2.4  f t2/acre/year 
(0.1  to  0.6  m2/ha/yr)  and  averaged  1.1  ft2/acre/ 
year  (0.3  m2/ha/yr) .   Aboveground  biomass 


accumulation  rates  were  highly  correlated  (r=.91) 
with  b^fcal  area  growth  ranging  from  240  to 
1,860  lbs/acre/year  (270  to  2  080  kg/ha/yr)  and 
averaging  800  lbs/acre/year  (900  kg/ha/yr). 
These  figures  are  annual  increases  in  aboveground 
biomass  and  do  not  include  understory  vegetation, 
cone  and  litter  fall,  or  belowground  biomass. 

Average  annual  increment  of  fuelwood  on  these 
fully  stocked  plots  ranged  from  6  to  30  ft3/acre 
(0.4  to  2.1  m3/ha)  and  averaged  17  ft3/acre 
(1.2  m3/ha) .   In  other  words,  the  average  fully 
stocked  stand  in  our  sample  takes  about  5  years 
to  grow  a  cord  of  wood  per  acre.   Fuelwood  volumes 
on  these  plots  averaged  14  cords  per  acre 
(73  m3/ha)  and  ranged  from  2  to  28  cords  per  acre 
(10  to  145  m3/ha).   These  figures  are  for  fully 
stocked  stands;  the  average  yield  would  be  much 
smaller  if  young  understocked  stands  were  included 
in  the  sample.   For  example,  Howell  (1941)  found 
that  gross  annual  increment  averaged 
0.14  cords/acre  (0.7  m3/ha)  on  sample  plots  in 
northern  Arizona  and  New  Mexico. 

Results  of  this  study  were  used  to  develop  a  model 
relating  potential  basal  area  growth  to  topography 
and  parent  material.   In  general,  the  model  showed 
that  growth  is  poorest  on  steep  south-facing 
slopes  and  best  on  north-facing  slopes  steeper 
than  20  percent.   No  direct  relationship  between 
elevation  and  growth  was  detected.   Growth  was 
better  on  soils  derived  from  igneous  rocks  than  on 
limestone  soils. 


MANAGEMENT  ALTERNATIVES 

Alternatives  for  managing  pinyon-juniper 
woodlands  are: 

1.  Type  conversion  for  wildlife  or  livestock 
range. 

2.  Management  for  sustained  yield  of  fuel- 
wood  and  other  woodland  products. 

3.  Custodial  management  where  neither  of  the 
other  two  management  alternatives  is  cost 
effective. 

Type  Conversion 

Type  conversion  is  the  destruction  of  existing 
vegetation  or  at  least  of  unwanted  dominant 
species  to  improve  forage  production  either  by 
seeding  wanted  species  or  by  releasing  preferred 
but  suppressed  understory. 

Chaining  is  the  most  commonly  used  method  of  type 
conversion.   Seeding  is  almost  always  necessary  in 
chaining  projects.   If  the  understory  is  good 
enough  to  respond  adequately  to  tree  removal,  the 
trees  are  probably  small  or  widely  scattered  and 
could  be  removed  more  cheaply  by  some  other 
method.   Chaining  uproots  and  kills  the  larger 
trees  but  the  smaller  trees,  particularly  junipers, 
usually  survive.   These  survivors  should  be 
eliminated  in  some  way  for  an  efficient  conversion. 
If  they  are  left  in  place,  they  will  outcompete 
the  forage  species  and  form  the  nucleus  of  a  new 
pinyon-juniper  stand. 
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Aro  (1971)  found  that  single-chaining  killed  an 
average  of  only  38  percent  of  the  trees.   Double- 
chaining  was  more  effective,  killing  an  average 
of  60  percent.   But,  even  with  double-chaining, 
about  40  percent  of  the  trees  remain  and  would 
redominate  the  site  in  as  little  as  15  years 
(Tausch  and  Tueller  1977)  if  not  controlled. 

Aro  (1971)  found  that  windrowing  after  chaining 
killed  at  least  95  percent  of  the  trees  but  is 
quite  expensive.   Prescribed  burning  was  equally 
effective  in  killing  trees.   Burning  and  windrowing 
may  kill  most  of  the  understory  vegetation  and  may 
not  necessarily  improve  the  range  if  seeded  species 
do  not  establish  properly. 

Prescribed  burning  works  best  in  open  stands  that 
still  have  enough  understory  to  carry  fire, 
especially  where  the  understory  is  dominated  by 
grasses  rather  than  shrubs.   Prescribed  burning 
may  be  used  as  a  followup  treatment  on  chained 
areas  to  eliminate  the  debris  and  to  kill  the 
surviving  trees.   Such  areas  may  respond  best  if 
burned  several  years  after  chaining  when  the  seeded 
grasses  are  well  established. 

Hand  cutting  has  been  used  in  some  areas.   Arnold 
and  others  (1964)  reported  that  Fort  Apache  Indians 
used  hand  axes  extensively  to  clear  95,000  acres 
(38  000  ha)  in  New  Mexico.   Chain  saws  are  being 
used  to  eradicate  western  juniper  in  Oregon 
(Winegar  and  Elmore  1978) . 
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In  each  locality  where  forage  for  livestock  or 
wildlife  must  be  increased  within  the  pinyon- 
juniper  woodlands,  we  should  look  first  at  the 
open  stands,  ecotones,  and  natural  openings  where 
the  fewest  and  smallest  trees  would  need  to  be 
eliminated  to  maintain  adequate  forage  production. 
Treatment  and  maintenance  costs  would  be  lowest  on 
such  sites  and  the  impact  on  fuelwood  production 
would  not  be  as  great  as  it  would  be  in  more 
advanced  pinyon-juniper  stands. 

Sustained  Yield 

Until  now,  pinyon-juniper  woodlands  have  not 
been  managed  in  accordance  with  silvicultural 


principles,  except  in  a  few  isolated  instances. 
Only  20  years  ago,  hardly  anyone  suspected  that  thef 
demand  for  fuelwood  would  be  as  great  as  it  is 
today.   The  wood  resource  was  not  considered  to  be 
worth  very  much  and  was  often  considered  a 
liability.   The  type  conversion  activities  of  the 
past  30  years  or  so  have  destroyed  a  significant 
part  of  the  fuelwood  supply  in  many  localities. 
Of  course,  much  of  the  wood  was  salvaged  on  the 
conversion  areas  but  most  of  these  areas,  even 
those  where  the  conversion  efforts  failed,  will 
not  regain  their  productivity  for  fuelwood  for 
many  decades. 

From  now  on,  the  demand  for  pinyon-juniper  fuelwood 
will  probably  continue  to  increase.   Generally 
speaking,  any  pinyon-juniper  woodland  that  is  being 
harvested  for  fuelwood  should  be  placed  under  a 
management  system  designed  to  provide  fuelwood  on 
a  continuing  basis  at  or  near  the  maximum  rate  that 
the  site  is  capable  of  producing. 

For  the  most  part,  it  is  the  old  high-graded  stands 
that  contain  enough  fuelwood  for  economical  harvest 
at  present.   These  stands  often  contain  old  poor- 
form  trees  and  a  disproportionally  high  percentage 
of  juniper.   Cutting  systems  for  these  stands 
should  be  designed  to  improve  tree-form  and  species 
composition  as  well  as  maintaining  an  adequate 
growing  stock.   In  most  cases,  the  individual  tree 
selection  harvesting  method  should  be  used  to 
maintain  fuelwood  productivity.   Stand  basal  area 
should  not  be  reduced  below  40  ft2/acre  (9  m2/ha) 
and  spacing  between  leave  trees  should  not  exceed 
30  ft  (9  m)  to  avoid  reduction  in  future  fuelwood 
yields.   If  the  best  nut-producing  pinyons  are  left 
uncut,  the  long-term  yields  of  nuts  would  be 
increased  in  many  cases. 

Harvesting  operations  should  be  carefully  managed 
to  minimize  damage  to  residual  vegetation, 
including  advanced  reproduction  and  shrubs.   Slash 
burning  should  be  limited  to  that  needed  to  reduce 
fire  hazard  to  acceptable  levels.   Slash  burning 
damages  residual  vegetation  and  results  in  loss  of 
nitrogen  and  other  nutrients.   Lopped  and  scattered 
slash  provides  partial  shade  for  seedlings,  reduces 
soil  erosion,  and  gradually  returns  nutrients  to 
the  soil. 

Although  Christmas  trees  can  be  harvested  in  wood- 
lands that  are  managed  by  the  selection  method, 
such  harvesting  should  be  closely  supervised  to 
avoid  cutting  trees  that  should  be  left  to  produce 
wood.   As  much  as  possible,  Christmas  tree  cutting 
should  be  confined  to  younger  stands  that  have 
reoccupied  old  burns  and  other  cleared  areas. 

Forage  production  would  usually  increase  in  stands 
harvested  by  the  individual  tree  selection  method, 
but  the  increases  would  usually  be  small  and  of 
short  duration  because  roots  of  the  residual  stand 
reoccupy  the  soil  mass  previously  utilized  by  the 
harvesting  trees.   In  those  localities  where 
substantial  increases  in  forage  production  are 
required,  patch  cutting  should  be  used.   The 
patches  should  be  no  larger  than  5  acres  (2  ha) 
and  should  be  irregularly  shaped  to  reduce  visual 
impact  and  to  increase  edge  effect.   Clearcutting 
of  larger  areas  is  not  appropriate  in  pinyon- 
juniper  woodlands  unless  the  management  objective 
is  type  conversion  to  livestock  range. 
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Custodial  Management 

Where  it  is  not  practical  to  manage  for  sustained 
yield  of  either  wood  or  forage,  management  becomes 
custodial  in  nature.   The  bulk  of  pinyon-juniper 
woodlands  are  presently  under  custodial  management 
and  most  are  likely  to  remain  so  for  a  long  time 
because  slopes  are  too  steep  or  potential 
productivity  is  too  low  for  intensive  management. 
Under  custodial  management  with  fire  protection, 
forage  for  livestock  and  wildlife  would  continue 
to  decline  but  most  other  values  including  fuelwood 
and  nut  production,  watershed  stability,  recreation, 
and  esthetic  values  would  remain  constant  or 
improve.   Wood  production  on  many  sites  could  be 
expected  to  continue  until  enough  volume  accumu- 
lates to  make  sustained  yield  management  feasible. 

Most  pinyon-juniper  woodlands  have  been  protected 
from  fire  for  more  than  60  years.   A  "let  burn" 
policy  is  an  alternative  worth  considering  because 
fire  protection  is  expensive  and  because  recurring 
fires  were  probably  quite  common  in  pinyon-juniper 
woodlands  before  fire  protection  and  are  a  natural 
part  of  the  ecosystem.   If  wildfires  were  allowed 
to  burn  in  appropriate  stands,  we  might  expect 
increased  forage  for  livestock  and  wildlife  and 
improved  habitat  for  some  wildlife  species.   Areas 
where  fire  protection  will  be  suspended  should  be 
carefully  selected.   Many  areas  have  not  burned 
for  so  long  that  they  will  not  respond  favorably 
to  burning  because  the  understory  is  badly 
suppressed,  soil  seed  reserves  are  depleted,  and 
many  desirable  species  have  been  eliminated  from 
the  stand.   Such  areas  would  definitely  require 
reseeding  after  fire  which  may  cost  more  in 
relation  to  net  benefits  obtained  than  continous 
fire  protection. 


CONCLUSIONS 

Type  conversion  in  pinyon-juniper  woodlands  should 
be  limited  to  those  areas  where  costs  of  conversion, 
maintenance,  and  lost  benefits  are  exceeded  by 
resultant  benefits  after  taking  probability  of 
failure  into  account.   Because  fuelwood  is  becoming 
increasingly  valuable,  range  improvement  may  not 
be  practical  in  areas  presently  producing  appreci- 
able amounts  of  fuelwood.   Range  improvement 
efforts  in  pinyon-juniper  woodlands  will  generally 
be  more  efficient  if  applied  to  maintaining  and 
improving  existing  conversion  areas,  to  preserving 
natural  openings  and  recent  burns  within  the 
pinyon-juniper  woodlands,  and  to  preventing 
invasion  into  adjacent  communities.   Prescribed 
burning  and  individual  tree  control  methods  will 
usually  be  the  best  methods  for  accomplishing 
these  objectives. 
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ECOLOGICAL  CHANGES  OF  GRAZED  AND  UNGRAZED 

PLANT  COMMUNITIES 

Kenneth  D.  Sanders  and  Annette  S.  Voth 


ABSTRACT 

Foliar  and  ground  cover  were  compared  periodically 
between  grazed  and  ungrazed  plots  from  1931  to 
1977  on  a  sagebrush-bunchgrass  rangeland  in  the 
Boise  National  Forest.   There  was  consistently 
more  ground  cover  on  the  grazed  plots  after  46 
years  than  on  the  ungrazed  plots.   The  differences 
in  foliar  cover  between  the  grazed  and  ungrazed 
plots  were  variable  from  one  sampling  date  to 
another  and  did  not  show  any  clear  trends.   While 
there  were  changes  in  vegetation  over  time,  appar- 
ently the  rate  of  succession  was  the  same  on  both 
treatments. 


INTRODUCTION 

With  today's  high  costs  for  range  rehabilitation, 
land  managers  must  decide  whether  to  use  artifi- 
cial means  or  to  rely  on  natural  succession  to 
restore  severely  disturbed  or  poor  condition 
rangelands.   The  rate  of  secondary  succession  may 
determine  which  approach  is  most  efficient.   While 
we  recognize  that  secondary  succession  is  extreme- 
ly slow  in  the  Intermountain  Region,  site  specific 
data  are  meager. 

In  the  late  1800' s  and  early  1900' s,  heavy  use  of 
rangelands  on  the  Boise  National  Forest  led  to 
deteriorating  range  conditions.   The  problem  was 
recognized  in  the  1920' s,  and  action  was  taken  to 
remedy  the  situation.   In  addition  to  controlling 
livestock  grazing,  range  scientists  initiated  a 
long-term  study  of  natural  revegetation  processes. 

Between  1927  and  1931,  several  livestock  exclo- 
sures  were  constructed  on  various  sites.   In 
1931  a  number  of  permanent  plots  were  established 
inside  and  outside  the  exclosures  to  study  sec- 
ondary succession.   The  plots  were  studied  almost 
yearly  from  1931  to  1940  and  again  in  1955  and 
1977.   Vegetation  changes  within  the  exclosures 
during  the  46  year  period  were  reported  by  Voth 
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(1979).   The  data  was  limited  in  several  ways. 
Some  exclosures  had  not  been  adequately  maintained 
and  others  had  occasionally  been  used  as  livestock 
holding  pens.   In  some  instances,  study  plots 
outside  the  exclosure  were  in  a  different  habitat 
type  than  those  within  the  exclosure.   Only  two 
of  the  exclosures  provided  a  valid  comparison  be- 
tween grazed  amd  ungrazed  plots  and  are  reported 
herein. 


LITERATURE  REVIEW 
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Robertson  (1971)  studied  a  depleted  area  in  a  big 
sagebrush-Sandberg  bluegrass  range  type  in  north- 
ern Nevada  that  had  been  protected  from  grazing 
for  30  years.   A  20-acre  (8-ha)  exclosure  was 
established  in  1939  and  basal  cover  by  species 
was  recorded.   Resampling  in  1979,  he  found  an 
increase  in  cover  of  over  60  percent.   Thurber 
needlegrass  increased  in  cover  over  700  percent, 
squirreltail  increased  nearly  300  percent,  and 
Sandberg  bluegrass  stayed  about  the  same.   Peren- 
nial forb  cover  increased  by  85  percent,  while 
annual  forbs  decreased.   Big  sagebrush  and  horse- 
brush  decreased  in  height  by  3  inches  (7.6  cm). 
The  area  bordering  the  exclosure  was  cleared  and 
seeded  to  crested  wheatgrass  in  1968.   The  seeded 
area  was  producing  more  than  four  times  the  amount 
in  the  exclosure,  926  vs  199  lbs/acre  (1038  vs 
223  kg/ha),  and  the  forage  was  more  accessible. 
Robertson  concluded  that  while  a  long  rest  can 
improve  forage  cover  on  a  depleted  sagebrush  range, 
obviously  superior  results  can  be  obtained  by 
brush  control  and  seeding. 

McLean  and  Tisdale  (1972)  drew  some  interesting 
conclusions  from  a  30-year  study  of  exclosures  in 
rough  fescue  and  ponderosa  pine  zones  of  British 
Columbia.   They  estimated  it  takes  20  to  40  years 
for  poor  condition  ranges  in  these  zones  to  re- 
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cover  to  excellent  condition  when  fully  rested. 
Most  of  the  improvement  occurred  in  the  last  10 
years  with  little  change  in  plant  composition  the 
first  10  years.   They  concluded  that  the  time  re- 
quired for  improvement  is  related  to  soils,  climate, 
competing  species  and  available  seed  source.   The 
longer  time  period  required  to  progress  from  poor 
to  fair  than  from  fair  to  good  has  an  important 
implication  for  management.   Long  periods  of 
complete  rest  are  not  an  economically  acceptable 
form  of  range  rehabilitation.   They  suggested  two 
alternatives:  (1)  develop  a  grazing  system  that 
will  improve  range  condition,  or  (2)  reseed  the 
area. 

Other  studies  in  the  Intermountain  Region  have 
also  concluded  that  succession  following  pro- 
tection from  grazing  is  extremely  slow  or  nonexis- 
tent (Rice  and  Westoby  1978) .   Harness  and  West 
(1973)  found  that  changes  following  15  years  of 
protection  from  grazing  in  big  sagebrush-squirrel- 
tail  sites  were  too  slow  to  rely  simply  on  natural 
revegetation.   Tisdale,  Hironaka  and  Fosberg  (1969) 
pointed  out  that  because  of  its  ecological  position 
as  a  dominant,  sagebrush  competes  strongly  with 
herbaceous  understory  plants.   Once  the  herbaceous 
vegetation  has  been  wholly  or  nearly  eliminated 
and  sagebrush  has  taken  over,  recovery  of  the 
understory  may  be  delayed  indefinitely.   Such 
vegetation  has  shown  little  improvement,  even 
after  25  to  30  years  of  protection  from  grazing. 


STUDY  AREA  DESCRIPTION  AND  METHODS 

Description 

The  study  area  is  located  approximately  50  miles 
(80  km)  east  of  Boise  and  50  miles  north  of 
Mountain  Home,  Idaho  or  midway  between  the  Arrow- 
rock  and  Anderson  Ranch  Reservoirs.   It  is 
characterized  by  highly  dissected  slopes  and  deep 
V-shaped  valleys,  with  exclosure  elevations  rang- 
ing from  4,000  to  5,200  feet  (1  200  to  1  600  m) . 
The  soils  are  derived  from  granitic  parent  material 
and  are  generally  coarse  textured,  loose  in 
structure  and  highly  erodible.   The  average  annual 
precipitation  in  the  study  area  varies  from  16  to 
20  inches  (40  to  50  cm) ,  with  70  percent  falling 
during  the  winter  and  spring  months. 


cattle,  sheep  and  horses.   Although  numbers  of 
animals  utilizing  the  range  at  that  time  are  not 
known,  it  is  known  that  heavy  use  occurred  until 
at  least  1922  on  the  Lester  Creek  area  and  1931 
on  the  Wood  Creek  area. 

In  1922,  use  in  the  Lester  Creek  area  was  restrict- 
ed to  cattle  and  numbers  were  reduced  dramatically, 
From  1926  to  1970,  the  stocking  rate  averaged 
approximately  2  acres  per  animal  unit  month 
(1  ha/AUM) .   The  area  had  nonuse  from  1970  to 

1976.  Cattle  returned  to  the  area  in  1976  and 

1977,  again  at  a  rate  of  2  acres/AUM,  and  a  rest- 
rotation  grazing  system  was  initiated  in  1977. 
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Methods 
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through  1977.   The 
t  to  establish,  but  it 

season  long  use  from 
-rotation  grazing  system 
2,  when  a  rest-rotation 
At  the  time  the  exclo- 
s  site  represented  the 
rtion  of  the  study  area. 


A  variable  number  of  16.4  x  16.4  ft  (5x5  m)  plots 
were  permanently  located  inside  and  outside  the 
exclosures  in  1931.   Eight  plots  were  located  at 
both  Lester  Creek  and  Wood  Creek  South,  with  half 
inside  and  half  outside  the  exclosures.   Only  two 
plots  were  located  at  Wood  Creek.   The  plots  were 
subdivided  by  tape  into  five  3.3  ft  (1  m)  wide 
strips . 


Foliar  cover  by  specie 
Measurements  were  made 
individual  plants  comp 
The  same  technique  was 
the  study,  to  compare 
values  were  summarized 
only,  percent  vegetati 
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s  was  recorded  in  each  strip. 

of  the  projected  area  of 
ressed  to  10/10ths  density. 

used  in  1977  as  earlier  in 
change  through  time.   Cover 

by  life  form.   In  1977 
on,  litter  and  bare  ground 
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The  two  exclosures  will  be  referred  to  as  Lester 
Creek  and  Wood  Creek.   However,  the  Wood  Creek 
exclosure  has  some  plots  located  on  south  slopes 
and  others  on  less  harsh  aspects.   The  south  slope 
plots  will  be  referred  to  as  Wood  Creek  South  and 
the  remainder  as  Wood  Creek. 

Lester  Creek  was  identified  as  an  Artemisia 
vaseyana/Symphoricarpos  oreophilus/Agropyron 
spicatum  habitat  type,  as  described  by  Hironaka, 
Fosberg  and  Winward  (1983) .   All  Wood  Creek  plots 
were  identified  as  an  Artemisia  vaseyana/Agropyron 
spicatum  habitat  type.   However,  the  Wood  Creek 
South  plots  are  in  the  drier  spectrum  of  this  type. 

The  grazing  history  outside  the  Lester  Creek  exclo- 
sure is  well  documented,  but  from  1931  to  1955 
records  of  use  outside  the  Wood  Creek  exclosure 
are  almost  impossible  to  interpret  (Voth  1979) . 
Prior  to  the  start  of  the  study,  grazing  in  both 
areas  was  unregulated,  with  season-long  use  by 


RESULTS  AND  DISCUSSION 

Contrary  to  what  might  be  expected,  the  grazed 
plots  in  1977  consistently  had  a  higher  percent 
plant  and  litter  cover  than  those  plots  protected 
from  grazing  for  46  years  (table  1).   However,  an 
examination  of  foliar  cover  by  life  form  (table  2) 
does  not  show  such  a  clear-cut  difference.   Foliar 
cover  of  perennial  grasses  and  forbs  was  greater 
in  the  grazed  than  in  the  protected  plots  at 
Lester  Creek,  but  just  the  opposite  at  the  two 
Wood  Creek  sites.   No  difference  was  detected  in 
percent  foliar  cover  of  annual  grasses  or  forbs 
between  the  grazed  and  ungrazed  plots  at  Lester 
Creek  or  Wood  Creek.   The  Wood  Creek  South  grazed 
plots  had  5  percent  less  annual  grass  cover  but 
2  percent  greater  annual  forb  cover  than  the 
ungrazed  plots.   Shrub  foliar  cover  differences 
were  variable  among  the  three  plot  groups. 
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Table  1.   Average  percent  ground  cover  of  grazed 
and  protected  plots  within  plot  groups  as  estimated 
in  1977. 


G 

round  Cover 

Bare 

Plot  Group 

Vegetation 

Litter 

Ground 

Lester  Creek 

grazed 

48 

24 

29 

protected 

38 

20 

39 

Wood  Creek  South 

grazed 

22 

45 

33 

protected 

20 

48 

32 

Wood  Creek 

grazed 

19 

25 

55 

protected 

15 

21 

65 

There  were  no  obvious  trends  in  foliar  cover  dif- 
ferences between  grazed  and  ungrazed  plots  during 
the  46-year  study  (table  2) .   Voth  (1979)  reported 
that  all  protected  plots  in  the  Lester  Creek  and 
Wood  Creek  groups  showed  clearly  identifiable 
directional  change  between  1931  and  1977.   The 
largest  changes  occurred  between  1940  and  1955  and 
the  least  change  in  the  first  nine  years.   The 
Wood  Creek  South  protected  plots  showed  little 
change  during  the  46  years,  with  one  plot  remaining 
the  same  throughout.   Apparently  the  rate  of 
secondary  succession  was  the  same  for  the  grazed 
as  the  ungrazed  plots  in  the  three  plot  groups. 

While  the  vegetation  changed  through  time  (Voth 
1979) ,  the  patterns  of  change  in  foliar  cover  fol- 
lowing exclusion  of  livestock  did  not  noticeably 
differ  from  the  patterns  of  change  occurring  under 
moderate  but  continued  grazing.   This  lack  of  a 
difference  may  be,  in  part,  due  to  an  experimental 
design  and  methodology  that  was  not  sensitive 
enough  to  detect  differences.   Production  or  fre- 
quency measurements  would  probably  have  been  more 
satisfactory. 


Table  2.  Average  percent  difference  in  foliar  cover  by  life  form  between  grazed  and  protected  plots  with- 
in plot  groups  as  estimated  in  each  of  five  years.  A  plus  (+)  indicates  greater  cover  on  the  grazed  plots 
than  the  protected  and  a  minus  (-)  less. 


Life  form  within 
Plot  Group 


1931 


1934 


Foliar  Cover 


1940 


-Percent- 


1955 


1977 


Lester  Creek 


Perennial  Grasses 
Perennial  Forbs 
Shrubs 
Biennials 
Annual  Grasses 
Annual  Forbs 


0 
+  2.0 

-  .3 

-  .1 

0 
0 


+  2 

.5 

+  3 

.9 

-  3 

.0 

- 

.2 

0 

- 

.1 

Total  Difference 


+  2.5 


+  1.6 


+  5.0 


+  3.1 


Wood  Creek  South 


Perennial  Grasses 
Perennial  Forbs 
Shrubs 
Biennials 
Annual  Grasses 
Annual  Forbs 


-  .7 

-  .9 

0 

-  .1 

-  6.3 
+  6.3 


Total  Difference 


+  3.0 


-  1.7 


4.0 


Wood  Creek 


Perennial  Grasses 
Perennial  Forbs 
Shrubs 
Biennials 
Annual  Grasses 
Annual  Forbs 


+ 

.2 

+ 

.1 
0 
0 

- 

1 

.0 

+ 

.1 

5 
2 

1 
1 
0 
+  2.3 


+   .5 

-  .8 

0 
+   .2 

-  .1 
+   .9 


1.3 
1.7 
1.2 

.4 
0 

.2 


Total  Difference 


+  3.2 


-  2.4 
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If  it  is  assumed  that,  indeed,  no  difference 
exists  between  grazed  and  protected  areas,  what 
implications  does  this  have  for  management?   First, 
the  moderate  levels  of  grazing  instituted  at  the 
start  of  the  study  may  have  been  well  within  the 
tolerances  of  the  perennial  grasses  and  thus  acted 
as  protection.   It  is  also  possible  that  an  advan- 
tage gained  from  trampling  seed  into  the  ground 
compensated  for  the  stress  of  defoliation  due  to 
grazing.   A  third  possibility  is  that  inadequate 
time  for  a  significantly  greater  change  in  the 
protected  plots  had  elapsed. 


The  slow  rate  of  change 
the  protected  plots  repo 
attributed  to  a  drought 
Severe  soil  erosion  had 
and  probably  continued  f 
ductions  in  grazing  pres 
would  have  affected  the 
vegetation.   McLean  and 
reported  the  slowest  rat 
first  10  years  of  protec 


between  1931  and  1940  in 
rted  by  Voth  (1979)  was 
during  this  period, 
occurred  prior  to  1931 
or  a  few  years  after  re- 
sure.   Any  loss  of  soil 
re-establishment  of 
Tisdale  (1972)  also 
e  of  change  during  the 
tion  from  grazing. 
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The  more  mesic  Lester  Creek  plots  had  the  highest 
ratio  of  perennial  to  annual  grass  foliar  cover. 
The  most  harsh  site,  Wood  Creek  South,  had  the 
lowest  ratio  of  perennial  to  annual  grass  cover, 
and  thus  is  more  likely  to  have  a  greater  year-to- 
year  fluctuation  in  foliar  cover.   This  may  explain 
the  variability  and  lack  of  clear-cut  differences 
between  grazed  and  ungrazed  plots  in  the  Wood  Creek 
and  Wood  Creek  South  sites. 


CONCLUSIONS 

Several  conclusions  can  be  drawn  from  this  study 
and  other  similar  studies  reported  in  the  literature. 
1)   Secondary  succession  of  rangelands  in  the 
Intermountain  Region  is  extremely  slow,  requiring 
20  to  40  years  even  when  completely  protected  from 
grazing.   In  some  instances  they  may  never  improve, 
until  additional  soil  development  occurs.   2)   The 
time  required  for  improvement  is  related  to  soils, 
climate,  competing  species  and  the  availability  of 
a  seed  source.   3)   The  way  a  plant  is  grazed  may 
be  more  important  than  whether  it  is  grazed  or 
not.   The  physiological  needs  of  the  plant  may  be 
just  as  effectively  met  through  some  type  of 
grazing  system  as  through  complete  rest.   4)   An- 
nual grass  ranges  may  never  come  back  to  perennials 
without  first  removing  the  competition  and  reseed- 
ing  to  perennial  grasses.   5)   Other  factors 
besides  livestock  grazing  can  cause  retrogression 
of  a  plant  community,  such  as  insects,  wildlife, 
fire  and  extended  drought.   Managers  should 
determine  the  cause  of  retrogression  before  trying 
to  restore  rangelands  through  livestock  manipulation. 
6)   Long  periods  of  complete  rest  are  not  econom- 
ically acceptable  to  livestock  operators.   We  are 
left  with  two  choices:   either  initiate  a  grazing 
system  that  meets  the  desirable  plants'  needs  and 
accept  a  stable  or  very  slow  improvement  in  con- 
dition, or  rehabilitate  the  area  by  spraying, 
burning,  plowing  and/or  reseeding.   The  range 
manager  must  determine  which  alternative  is  most 
cost-effective. 
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MANAGEMENT  OF  SEEDED  RANGELAND  TO  MAINTAIN  FORAGE  PLANTS 


Lee  Sharp 


ABSTRACT:   Physical  characteristics  of  the  manage- 
ment environment  must  be  understood  if  the  forage 
plants  on  artificially  seeded  rangelands  are  to 
be  maintained.   Goals  and  objectives  established 
for  the  use  of  these  rangelands  must  be  within 
the  biological  capabilities  and  limitations  of 
the  species  seeded.   Because  of  the  many  physical 
and  biological  variables  operating  in  the  manage- 
ment environment,  the  manager  must  be  flexible 
in  adapting  to  these  variations  if  the  forage 
plants  are  to  be  maintained. 


INTRODUCTION 

The  U.S.  Department  of  Agriculture  through  its 
Division  of  Agrostology  began  artificial  seeding 
trials  on  rangeland  from  1895  to  1900  (Stoddart 
and  Smith  1934).   The  Forest  Service  began  seeding 
studies  in  1907  (Sampson  1913)  and  continues  this 
to  the  present.   The  early  trials  tested  the 
feasibility  of  seeding  in  restoring  depleted  and 
deteriorated  rangeland.   Because  of  the  limited 
success  with  these  trials  there  was  little  oppor- 
tunity to  examine  management  practices  to  maintain 
the  forage  species. 

Many  of  the  early  seeding  trials  were  unsuccess- 
ful for  a  variety  of  reasons.   Sufficient  seed 
for  planting  was  available  only  for  a  limited 
number  of  species.   Equipment  for  clearing  brush 
and  preparing  the  seedbed  was  primitive  and, 
because  of  the  small  size  of  seedings,  rodents 
prevented  successful  establishment  of  the  seed- 
lings that  emerged. 


would  be  required  if  these  lands  were  to  be 
restored  in  a  generation. 

Funding  for  such  activities  increased  dramatically 
during  the  1950' s  and  several  million  acres  were 
seeded  to  adapted  species.   The  predominant 
species  seeded  were  desert  wheatgrass  (Agropyron 
desertorum)  and  crested  wheatgrass  (Agropyron 
cristatum) .   The  search  for  new  species  and  varie- 
ties expanded  and  research  on  seeding  methods  and 
techniques  improved  the  chances  for  success. 
Concern  was  expressed  that  the  success  of  the 
seeding  program  would  cause  managers  to  substitute 
seeding  for  management.   Numerous  studies  were 
undertaken,  however,  to  improve  the  management 
of  artificially  seeded  rangelands. 

Vallentine  (1971)  lists  80  species  of  perennial 
plants  commonly  seeded  on  range  and  other  peren- 
nial pasture.   Over  half  (58  percent)  are  intro- 
duced species  and  nearly  three-quarters  (74  percen' 
belong  to  the  grass  family.   Additional  species 
and  new  varieties  are  constantly  being  tested  for 
use  in  rangeland  seeding  programs.   Because  of 
the  large  number  of  species  used  in  seeding  range- 
lands,  only  general  principles  for  their  management 
will  be  discussed. 

Simple  guides  to  management  have  a  low  probability! 
of  success  in  semi-arid  environments.   If  objec- 
tives of  management  are  to  be  achieved,  a  flexible 
adaptive  procedure  will  be  required. 


MANAGEMENT  CONSIDERATIONS 


Increased  interest  in  artificial  seeding  of  range- 
land  arose  during  the  depression  and  drought 
years  of  the  1930' s.   Concern  for  land  use  and 
abuse,  the  government  land  purchase  program,  and 
make-work  programs  for  the  unemployed  also 
contributed  to  the  interest. 

C.L.  Forsling  (1945),  Director  of  the  Grazing 
Service,  commented  that,  "The  forage  cover,  and 
hence  the  grazing  capacity,  can  be  improved  within 
justifiable  economic  limits  on  literally  millions 
of  acres  of  the  Federal  range  by  mechanical  treat- 
ment and  reseeding."   The  1948  Yearbook  of 
Agriculture,  titled  Grass,  said,  "Full  restoration 
of  much  of  the  rangeland  in  need  of  improvement 
will  require  more  than  better  grazing  management" 
(Pearse  and  others  1948).   An  estimated  80 
million  acres  (32  million  ha)  of  rangeland  had 
been  so  badly  depleted  that  artificial  seeding 
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By  definition  and  implication,  management  is  the 
direction,  control,  or  handling  of  a  thing  or 
resource  to  accomplish  some  desired  or  specified 
end  or  goal.   In  artificial  seeding,  the  goal  or 
objective  is  maintenance  of  the  forage  plants  or 
seeded  species.   Achieving  this  goal  also  accom- 
plishes a  more  fundamental  purpose  of  rangeland 
management:   providing  for  soil  stability.   If 
maintaining  the  forage  species  to  assure  soil 
stability  were  the  only  goal,  management  would 
appear  to  be  relatively  simple.   Preventing  any 
use  of  the  seeded  stand  by  grazing  animals  or 
other  disturbing  influences  would  accomplish  the 
stated  goal.   However,  other  or  auxiliary  objec- 
tives may  be  accomplished  as  well  as  the  primary 
goal.   Other  or  auxilary  objectives  include: 
increased  livestock  production,  improvement  of 
off-site  range  conditions,  improved  wildlife 
habitat,  increased  efficiency  of  livestock  enter- 
prises, or  a  combination  of  these.   It  should  be 
noted,  however,  that  lack  of  some  degree  of 
defoliation  may  cause  plants  to  lose  vigor  and 
decline  in  amount.   Grazing  often  stimulates 
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tillering,  and  seedling  establishment  is  enhanced 
when  animals  press  seeds  into  the  ground  through 
trampling. 

The  majority  of  rangeland  that  has  been  seeded 
in  the  west  includes  livestock  grazing  in  the 
objectives  for  management.   Where  providing  forage 
for  grazing  animals  as  an  important  auxiliary 
objective,  it  is  the  manipulation  of  grazing 
animals  that  will  be  of  primary  concern  in  main- 
taining the  forage  species.   This  of  course 
assumes  that  the  seeded  species  is  or  are  adapted 
to  the  physical  and  biological  conditions  of  the 
seeded  area.   The  following  discussion  assumes 
that  livestock  grazing  is  an  important  objective 
in  managing  seeded  vegetation. 


CHARACTERISTICS  OF  THE  MANAGEMENT  ENVIRONMENT 

Rangelands  include  an  array  of  conditions  that 
stretch  from  arid  and  semi-arid  shrublands,  shrub- 
grasslands,  and  grasslands  to  subhumid  and  humid 
grasslands,  mountain  meadows,  and  forest  lands. 
Each  of  these  larger  units  is  composed  of  a  wide 
variety  of  habitat  types  or  sites  that  have  their 
own  physical  and  biological  characteristics. 

Many  of  the  species  used  in  artificial  seeding  of 
rangelands  are  adapted  to  a  variety  of  habitat 
types  and/or  range  sites.   Because  the  habitat 
types  and  sites,  as  well  as  the  broader  classifi- 
cation units,  differ  in  soil  characteristics, 
precipitation,  temperatures,  and  other  physical 
characteristics,  we  would  not  expect  the  seeded 
species  to  respond  to  management  in  the  same  way 
throughout  the  range  of  conditions  where  the 
species  is  adapted. 


Knowledge  of  how  defoliation  affects  the  accumu- 
lation of  reserve  material  in  plants  becomes  a 
useful  tool  for  directing  animal  use  of  an  area. 
Generally  speaking,  reserve  food  accumulation 
follows  a  cyclic  pattern  of  use  and  recharge  that 
varies  "surprisingly  little  among  species  and  kind 
of  plant"  (Dahl  and  Hyder  1977). 

Maximum  storage  usually  occurs  prior  to  the  onset 
of  dormancy  followed  by  a  gradual  decline  until 
growth  initiates  the  following  year.   The  early 
stages  of  growth  draw  heavily  on  these  reserves 
until  sufficient  photosynthetic  tissue  develops 
that  can  provide  energy  for  this  process.   Reserve 
material  tends  to  accumulate  at  an  increasing  rate 
until  flowering  or  seed  formation,  at  which  time 
there  is  a  slowing  of  the  rate  of  accumulation. 
Defoliation  disrupts  this  cyclic  pattern  and  the 
degree  of  disruption  depends  on  the  timing,  inten- 
sity and  frequency  of  defoliation.   Plant  species 
may  vary  in  the  rate  and  amount  of  photosynthate 
produced  and  consequently  in  the  effects  that 
defoliation  has  on  their  maintenance. 

Knowing  when  defoliation  causes  the  most  harm, 
how  long  a  species  may  endure  criticial  periods 
of  defoliation  and  be  restored  to  productivity, 
and  the  length  of  time  required  for  plants  to 
regain  or  restore  their  vigor  with  no  defoliation, 
will  assist  the  manager  in  developing  grazing 
management  strategies  to  maintain  forage  plants 
and  achieve  other  objectives  (Heady  1974). 

A  complication  in  the  management  of  seeded  stands 
is  periodic  outbreaks  of  rabbits,  rodents,  insects, 
and  other  pests.   These  sources  of  defoliation 
are  less  well  controlled  than  livestock. 


Ranch  operations  vary  among  locations  and  have 
different  needs  for  seeded  areas  as  to  season  of 
use  and  intensity  of  grazing.   Other  land  use 
values  may  vary  over  the  area  adapted  to  a  plant 
species  and  thus  add  different  dimensions  to  the 
management  environment. 


BIOLOGICAL  CHARACTERISTICS 

A  decisionmaker  must  know  the  consequences  of 
defoliation  on  plant  growth,  reproduction,  and 
vigor,  to  maintain  the  seeded  forage  species. 
Plants  manufacture  foods  through  the  process  of 
photosynthesis.   This  process  requires  light, 
water,  nutrients,  and  chlorophyll — the  green 
tissue  in  plants.   Food  (carbohydrates)  produced 
during  the  growing  season  is  used  for  growth  and 
reproduction  and  for  carrying  on  vital  functions 
during  the  dormant  period.   Additional  food  must 
also  be  accumulated  to  provide  the  energy  for 
initiation  of  growth  the  following  year.   Forage 
plants,  under  most  circumstances,  produce  carbohy- 
drates in  excess  of  that  needed  for  all  these 
processes.   Growth  produced  by  this  excess,  but 
only  the  excess,  can  be  harvested  by  grazing 
animals. 


PHYSICAL  CHARACTERISTICS 

The  most  universal  attribute  of  western  rangeland 
environments  is  the  extreme  variability  in  vegeta- 
tion production  that  exists  from  one  location  to 
another  and  during  various  years  at  the  same 
location.   Differences  in  climate,  weather,  soils, 
topography,  and  animal  influences  account  for 
most  of  the  variability. 

Amount  and  distribution  of  precipitation  and/or 
temperatures  exert  a  strong  influence  on  produc- 
tion variability  at  a  given  location.   For  example, 
annual  precipitation  near  Malta,  Idaho,  from  1957 
through  1968  averaged  12.5  inches  (32  cm)  but 
varied  from  6.8  inches  (17  cm)  in  1960  to  18.4 
inches  (47  cm)  in  1963.   More  importantly,  in 
May,  a  critical  month  in  the  growing  season, 
precipitation  varied  from  0.5  inches  (1  cm)  to 
4.8  inches  (12  cm)  with  an  average  of  2.1  inches 
(5  cm)  during  the  12  years.   Production  of  the 
seeded  species  under  these  conditions  varied  from 
less  than  200  lbs/acre  (277  kg/ha)  to  over  800 
lbs/acre  (909  kg/ha)  from  1957  to  1968.   Of  this 
variation  in  production,  85  percent  could  be 
explained  by  the  amount  of  April-May-June 
precipitation. 
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Precipitation — amounts  and  distribution — is 
probably  the  most  dominant  factor  in  producing 
variability  in  semi-arid  and  arid  environments, 
while  temperatures  may  be  more  important  in  the 
sub-humid  to  humid  mountain  environments. 

Constantly  adjusting  stocking  rate:?  or  changing 
the  length  of  the  grazing  period  may  be  a  means 
to  maintain  the  seeded  species.   Such  adjustments, 
however,  may  be  difficult  in  a  particular  ranch 
operation.   Carefully  planned  grazing  systems 
in  which  the  variability  from  year  to  year  is 
mitigated  may  avoid  sharp  fluctuations  in  animal 
numbers  and/or  length  of  season. 


RANCH  OPERATIONAL  CHARACTERISTICS 

The  various  forage  and  feed  resources,  production 
practices,  and  needs  of  a  particular  ranch 
operation  are  generally  unique  for  that  ranch 
even  though  there  may  be  many  similarities  among 
ranches  of  the  same  area.   Various  combinations 
of  private   range,  Forest  Service  permits,  state 
lease  lands,  irrigated  pasture  and  hay  lands 
occur  among  ranch  enterprises.   One  ranch  may 
need  forage  and  benefit  from  a  seeded  area  only 
in  the  spring,  another  spring  and  fall,  or  summer 
or  winter,  and  some  ranches  may  benefit  from 
year-long  use  of  the  seeded  areas. 

Each  of  the  combinations  of  resources  may  require 
a  different  management  strategy.   Even  selection 
of  the  species  to  be  seeded  should  be  done  in 
light  of  the  characteristics  and  needs  of  the 
ranch  enterprise.   If  two  seeding  species,  for 
example,  are  adapted  to  the  same  range  area  and 
one  is  tolerant  of  early  spring  grazing  and  the 
other  not,  and  if  the  ranch  enterprise  benefits 
most  from  early  spring  grazing,  it  would  be 
foolish  to  plant  the  later  developing  species 
even  though  it  may  be  more  productive  on  the  site. 


COPING  WITH  THE  MANAGEMENT  ENVIRONMENT  TO  ACHIEVE 
MANAGEMENT  OBJECTIVES 

The  many  physical  and  biological  variables  operat- 
ing in  the  management  environment  present  a  contin- 
ually changing  array  of  conditions  to  the  manager 
or  decisionmaker.   Social,  economic,  and  political 
conditions  are  also  constantly  changing  and  this 
makes  the  managerial  problems  more  complex. 

Our  efforts  to  manage  seeded  as  well  as  other 
kinds  of  rangeland,  at  least  on  public  lands, 
consist  of  simplifying  the  decisionmaking  process 
by  rigidly  adopting  proper  use  levels  or  some 
standard  grazing  system.   As  Costello  (1957) 
states,  "Oversimplification  leads  to  poor  inter- 
pretation.  And  poor  interpretation  leads  to  poor 
management."   Poor  management  may  lead  to  loss  of 
forage  species  or  an  underattainment  of  the 
objectives  specified. 

Because  of  the  physical,  biological,  and  other 
conditions  associated  with  rangelands  in  general 
and  artificial  seeding  rangelands  in  particular, 
the  manager  must  expect  the  unexpected  and  be 


able  to  adapt  management  practices  accordingly. 
To  do  otherwise  may  preserve  the  seeded  stand  but 
diminish  the  flow  of  products,  values,  and  benefits 
from  these  lands. 

What  is  needed  is  a  management  posture  that  permits! 
and  encourages  flexibility  to  adapt  to  the  varia- 
tions in  the  management  environment  in  such  a  way 
that  management  objectives  are  satisfactorily 
achieved.   Most  range  managers  are  not  ecologically 
dumb  and  will  apply  imaginative  and  innovative 
ways  to  achieve  management  objectives  if  not 
unduly  constrained  by  administrative  directive. 

Monitoring  or  feedback  to  the  manager  is  essential 
for  adapting  management  actions.   Remember,  there 
are  or  may  be  many  alternative  ways  of  achieving 
the  objectives  of  management.   Public  land  managers 
need  the  opportunity  and  encouragement  to  use  their 
knowledge  and  experience  to  pursue  the  alternatives' 

Although  I  have  no  hard  data  to  support  the  state- 
ment,  I  feel  that,  in  general,  the  present  manage- 
ment of  most  seeded  rangeland  is  such  that  the 
forage  plants  are  being  maintained.   However,  many 
of  the  benefits  that  could  accrue  to  society  are 
not  being  realized  because  of  management  practices. 
This  may  be,  in  part,  due  to  not  establishing, 
through  auxiliary  objectives,  what  we  wish  to 
accomplish  other  than  maintaining  the  forage  stand. 
Because  so  much  of  the  seeded  acreage  is  federally 
owned,  the  managers  or  decisionmakers  are  federal 
employees.   As  such  they  do  not  hold  property 
rights  to  the  resources  they  manage  and,  conse- 
quently, they  do  not  capture  the  benefits  or  bear 
the  costs  of  their  management  decisions.   The 
incentives,  accordingly,  may  be  and  are  likely 
to  be  different  than  seeded  rangeland  in  private 
ownership.   This  is  not  intended  as  a  criticism 
but  as  a  condition  of  the  management  environment. 

If  society  is  to  reap  the  full  array  of  benefits 
from  seeded  rangelands,  we  need  to:   (1)  more 
fully  assess  the  capabilities  and  limitations  of 
these  lands  for  different  uses  and  values;  (2) 
develop  alternative  management  strategies  based 
on  the  capabilities  and  limitations  of  the  seeded 
species;  and  (3)  develop  innovative,  flexible,  and 
adaptive  management  programs  to  capture  the  poten- 
tial benefits. 


REFERENCES 

Bentley.  H.L.  Experiments  in  range  improvement  in 
central  Texas.  Bull.  13.  Washington,  DC:  U.S. 
Department  of  Agriculture,  Bureau  of  Plant 
Industry;  1902.  72  p. 

Branson,  F.  A.  Two  new  factors  affecting  resistence 
of  grasses  to  grazing.  J.  Range  Manage.  6(3): 
165-172;  1953. 

Cook,  C.  Wayne;  Stoddart,  L.  A.;  Kinsinger,  F. 
Responses  of  crested  wheatgrass  to  various 
clipping  treatments.  Ecol.  Monogr.  28(3): 
273-272;  1958. 


182 


Costello,  David  F.  Application  of  ecology  to 
range  management.  Ecology.  38(1):  49-53;  1957. 

Dahl,  B.  E. ;  Hyder,  D.  N.  Developmental 

morphology  and  management  implications.  In: 
Sosebee,  Ronald  E. ,  ed.  Rangeland  plant 
physiology.  Range  Sci.  Ser.  No.  4.  Denver, 
CO:  Society  for  Range  Management;  1977: 
257-290. 

Forsling,  C.  L.  Annual  Report  of  the  Secretary 
of  Interior.  Washington,  DC:  U.S.  Department 
of  Interior;  1945:  169-179. 

Frandsen,  Waldo  R.  Management  of  reseeded  ranges. 
J.  Range  Manage.  3(2):  125-130;  1950. 

Frischknecht,  N.  C. ;  Harris,  Lorin  E.;  Woodward, 
H.  K.  Cattle  gains  and  vegetal  changes  as 
influenced  by  grazing  treatments  on  crested 
wheatgrass.  J.  Range  Manage.  6(3):  151-159; 
1953. 

Hamill,  Louis.  The  process  of  making  good 

decisions  about  the  use  of  the  environment  of 
man.  Nat.  Resour.  J.  8(2):  279-301;  1968. 

Harris,  Robert  W.  Fluctuation  in  forage  utiliz- 
ation on  ponderosa  pine  ranges  in  eastern 
Oregon.  J.  Range  Manage.  7(6):  250-255;  1954. 

Heady,  Harold  F.  Theory  of  seasonal  grazing. 
Rangeman's  J.  1(2):  37-38;  1974. 

Holling,  C.  S. ,  ed.  Adaptive  environmental 
assessment  and  management.  New  York:  John 
Wiley;  1978.  377  p. 

Hyder,  Donald  N. ;  Sneva,  Forest  A.  Growth  and 
carbohydrate  trends  in  crested  wheatgrass. 
J.  Range  Manage.  12(6):  271-276;  1959. 

Hyder,  Donald  N. ;  Sneva,  Forest  A.  Morphological 
and  physiological  factors  affecting  the 
grazing  management  of  crested  wheatgrass. 
Crop  Sci.  3(3):  267-271;  1963. 

Pearse,  C.  Kenneth;  Plummer,  A.  Perry;  Savage, 
D.  A.  Restoring  the  range  by  reseeding.  In: 
Yearbook  of  grass.  Washington,  DC:  U.S. 
Department  of  Agriculture;  1948:  227-233. 

Sampson,  A.  W.  The  reseeding  of  depleted  grazing 
lands  to  cultivated  forage  plants.  Bull.  4. 
Washington,  DC:  U.S.  Department  of  Agriculture; 
1913.  34  p. 

Sharp,  Lee  A.  Suggested  management  programs  for 
grazing  crested  wheatgrass.  Bull.  4.  Moscow, 
ID:  Forest,  Wildlife  and  Range  Experiment 
Station;  1970.  19  p. 

Smith,  J.  R.  Grazing  problems  in  the  southwest 
and  how  to  meet  them.  Bull.  16.  Washington,  DC: 
U.S.  Department  of  Agriculture,  Division  of 
Agrostology;  1899.  47  p. 

Stoddart,  L.  A.;  Smith,  A.  D.  Range  management. 
1st  ed.  New  York:  McGraw-Hill;  1943.  547  p. 


Trilica,  M.  J.  Distribution  and  utilization  of 
carbohydrate  reserves  in  range  plants.  In: 
Sosebee,  Donald  E. ,  ed.  Rangeland  plant 
physiology.  Range  Sci.  Ser.  No.  4.  Denver, 
CO:  Society  for  Range  Management;  197  7:  73-97. 

Vallentine,  John  F.  Range  developments  and 
improvements.  Provo,  UT:  Brigham  Young 
University  Press;  1971.  516  p. 


183 


VEGETATION  REQUIREMENTS  FOR  FISHERIES  HABITATS 
William  S.  Platts 


ABSTRACT:   This  report  discusses  the  importance 
of  streamside  vegetation  to  each  of  the  four 
habitat  components  that  make  up  the  aquatic 
environment.   The  effects  of  changes  in  riparian 
vegetation  on  stream  temperatures,  streambank 
stability,  stream  nutrients,  fish  cover,  and  fish 
food  are  discussed.   Questions  are  presented  to 
help  land  managers  make  intelligent  decisions 
concerning  management  of  riparian  vegetation. 


INTRODUCTION 

Geologic  structure  that  gives  shape  to  landforms, 
and  in  turn,  to  streams  is  measured  in  millions 
of  years.  Streams  of  the  Intermountain  West 
acquired  much  of  their  present  structure  during 
the  late  Pleistocene,  about  one  million  years 
ago.   The  surrounding  soils  developed  in 
thousands  of  years  and  most  soils  are  of  no  more 
than  Holocene  age.   Plant  associations  around 
streams,  however,  can  be  measured  in  only  tens  or 
hundreds  of  years.   These  plant  associations, 
especially  under  man's  influence,  are  continually 
being  modified,  but  because  they  respond  to 
changes  in  management  practices,  the  opportunity 
exists  to  convert  present  associations  to  more 
beneficial  types.   The  response  time  of  these 
rehabilitative  changes  depends  on  climatic 
conditions  and  soil  fertility.   Because  the 
vegetative  component  of  the  fishery  habitat  can 
be  manipulated  quite  quickly,  it  is  often  less 
costly  and  much  easier  to  obtain  immediate 
benefits  to  the  fisheries  through  vegetation 
rehabilitation  than  through  channel  changes  such 
as  those  gained  through  artificial  stream 
structures. 

Salmonids  (salmon,  steelhead  and  trout)  have  been 
on  the  earth  in  much  their  present  form  for  the 
past  million  years.   During  this  long 
evolutionary  period,  while  the  soils  and 
vegetation  surrounding  these  fish  were  evolving 
in  reaction  to  climatic  conditions,  fish  were 
also  constantly  adapting  their  life  requirements 
to  meet  these  changes.   They  did  this  quite 
successfully  until  the  entrance  of  European  man, 
the  first  animal  they  faced  who  was  capable  of 
quickly  changing  their  surrounding  landforms, 
soils,  and  vegetation.   The  transformation  of 
many  riparian-stream  habitats  from  a  natural  to 
artificial  state  has  already  occurred  over  most 
of  the  West.   A  century  of  additive  landuse 
effects  has  resulted  in  major  impacts  on  many 
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streams  and  their  fisheries.   The  changes  in 
the  productivity  and  composition  of  riparian 
vegetation  caused  increases  in  stream  channel 
widths,  decreases  in  stream  depths,  increases 
in  stream  temperature,  decreases  in  fish  food 
supplies,  and  in  turn  a  reduction  in  fish 
populations.   Once  deteriorated,  most  stream 
channels,  unlike  the  riparian  vegetation,  are 
very  difficult,  if  not  impossible,  to 
rehabilitate  over  the  short  time  period. 

This  report  discusses  the  importance  of 
streamside  vegetation  to  each  of  the  four 
habitat  components  that  make  up  the  aquatic 
environment:   the  streamside  vegetation 
(riparian  zone),  the  stream  channel,  the  water 
column,  and  the  streambanks.   These  four 
components  integrate  as  a  unit  to  determine  the 
quality  of  the  aquatic  habitat  which  in  turn 
determines  the  productivity  of  the  fishery. 


VEGETATION  FOR  STREAMSIDE  COVER 

The  importance  of  cover  to  fish  is  well 
documented  by  the  many  studies  that  found 
salmonid  abundance  declining  as  stream  cover 
was  reduced  (Boussu  1954)  and  increasing  as 
cover  is  added  (Hunt  1969,  1976;  Hanson  1977). 
Binns  (1979)  found  that  cover  was  highly 
significant  in  determining  fish  biomass  in 
Wyoming  streams;  as  cover  increased  fish 
populations  increased.   That  often  narrow 
fringe  of  bordering  riparian  vegetation  is 
critical  to  building  and  maintaining  the  stream 
structure  conducive  to  a  productive  aquatic 
habitat.   This  vegetation  not  only  provides 
cover  but  buffers  the  stream  from  incoming 
sediments  and  other  pollutants. 

Trees,  brush,  grasses,  and  forbs  each  play  an 
important  role  in  building  and  maintaining 
productive  streams.   Trees  provide  shade  and 
streambank  stability  because  of  their  large 
size  and  massive  root  systems  (fig.  1).   As 
trees  mature  and  fall  into  or  across  streams, 
they  not  only  cause  high  quality  pools  and 
riffles  to  form  but  their  large  mass  helps  to 
control  the  grade  and  stability  of  the  channel. 
In  many  aquatic  types  if  it  were  not  for  the 
constant  entry  of  large  organic  debris  (trees) 
into  the  stream,  the  channel  would  degrade  and 
soon  flow  on  bedrock  (fig.  2).  If  this  were  to 
result,  there  would  be  insufficient  spawning 
gravel  and  few  high  quality  rearing  pools. 
Tree  fall  is  therefore  important  and  often  a 
must  for  maintenance  of  stream  stability. 
Clearing  large  debris  from  streams  should  only 
be  done  after  thorough  study. 

Brush  provides  cover,  which  not  only  protects 
the  streambank  from  water  erosion,  but  its  low 
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Figure  1. — Trees  providing  shade  and  streambank 
stability. 


Figure  3. — Brush  providing  streambank  stability 
and  fish  cover. 


Figure  2. — Stream  blowout  caused  by  lack  of 
channel  control  and  stability. 


overhanging  height  adds  cover  to  the  water  column 
which  is  used  by  fish  (fig.  3).   Brush,  like 
trees,  builds  stability  in  streambanks  through 
its  root  systems  and  litter  fall.   Grasses  form 
the  vegetative  mats  and  sod  banks  that  reduce 
surface  erosion  and  mass  wasting  of  streambanks 
(fig.  4).   Streamside  vegetation  needs  high 
vigor,   density,  and  importantly,  species 
diversity,  because  each  of  the  vegetative  types 
plays  an  important  role  in  forming  and  protecting 
the  aquatic  habitat. 


Figure  A. — Grasses  forming  vegetative  mats  are 
effective  in  preventing  streambank 
erosion . 


VEGETATION  FOR  STREAMBANK  STABILITY 

Behnke  (1977)  states  that  the  elimination  of 
streamside  vegetation  and  the  caving  in  of 
overhanging  streambanks  by  animals  are  the 
principal  factors  contributing  to  the  decline  of 
native  trout  populations  in  western  streams. 
There  is  nothing  new  in  streambanks  eroding  or 
collapsing,  as  these  processes  have  been  going  on 
since  banks  were  first  formed  by  such  events  as 
glaciation,  floods,  drought,  debris  flows,  and 
ice  flows.   This  natural  surface  erosion  and  mass 
wasting  of  streambanks,  however,  usually  occurred 
over  prolonged  time  and  in  equilibrium  with  bank 
rebuilding  processes.   In  other  words,  as  banks 
were  naturally  being  eroded  there  were  just  as 
many  banks  being  built.   During  the  past  century 
we  have  upset  this  state  of  equilibrium  by 
altering  the  banks  much  faster  than  they  can  be 
rebuilt . 
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Streambanks  bordering  small  streams  (stream  order 
less  than  6)  provide  the  habitat  edges  or  niches 
needed  to  maintain  high  fish  populations.   Fish 
are  often  adapted  to  this  habitat  interface 
because  stable,  well-vegetated  streambanks 
provide  cover,  control  water  velocities  and 
temperatures,  and  supply  terrestrial  foods.   The 
condition  of  the  streambank  often  governs  the 
water  depths  and  velocities  the  fish  must  live 
in. 

Streamside  vegetation  protects  streambanks  by 
reducing  the  erosive  energy  of  water,  by  trapping 
sediments  to  maintain  the  streambank,  and  by 
protecting  the  streambank  from  damage  by  ice 
flows,  debris  flows,  and  animal  trampling. 
Removal  of  this  vegetation  exposes  the  soils  to 
direct  erosion  from  rain  or  surface  runoff. 
During  floods,  the  high  stream  velocities  not 
only  transport  high  amounts  of  bedload  sediment, 
but  they  also  tend  to  lay  down  the  flexible 
stream  side  vegetation,  such  as  willows  and 
grasses,  into  mats  that  hug  the  streambank. 
These  mats  reduce  the  water  velocity  along  the 
streambank  face  causing  sediments  to  settle  out 
and  become  part  of  the  banks.   This  deposition  is 
usually  higher  on  the  convex  bank  forms  (usually 
found  on  the  inside  of  meanders)  than  the  concave 
bank  forms  which  are  the  types  that  are  usually 
being  eroded  the  fastest.   This  deposition  of 
sediments  into  the  vegetative  mats  contributes 
fertilizer  to  the  streambank  soils  and  increases 
plant  production  and  vigor.   A  compact  mass  of 
streambank  vegetation  can  contribute 
substantially  to  the  acquisition  of  sediments 
needed  to  build  and  maintain  productive 
streambanks. 

Streams  of  the  Intermountain  West  are  usually 
icebound  in  the  winter.  When  winter  "chinooks"  or 
spring  thaws  arrive,  this  ice  breaks  up  and 
starts  to  drift.   Furthermore,  when  the  stream  is 
icebound,  and  especially  during  periods  of  heavy 
anchor  ice,  the  stream  often  leaves  its  original 
channel  and  starts  forming  new  channels.   Where 
streamside  vegetation  is  insufficient,    there  is 
no  protective  mat  and  bank  erosion  occurs.   This 
bank  erosion  accelerates  under  certain  grazing 
systems,  and  under  high  grazing  intensities  that 
eliminate  the  protective  mat. 

Grazing  strategies,  such  as  continuous  grazing, 
that  provide  for  late  summer  or  fall  grazing, 
reduces  the  streambank  cover  and  exposes  the 
soils  directly  to  the  ice  or  high  channel  flows 
(fig.  5).   Rest  rotation  strategies  that  graze 
early  one  year,  late  the  next,  and  rest  the 
third,  can  leave  this  vegetative  mat  in  fair  to 
good  condition  on  two  out  of  every  three  years  of 
grazing.   Nevertheless,  the  high-intensity 
grazing  that  often  occurs  under  rest  rotation  can 
counter  this  potential  benefit.   The  condition  of 
the  vegetative  mat  in  the  late  fall  greatly 
influences  the  stability  of  the  streambank. 

When  animals  graze  directly  on  streambanks,  mass 
erosion  from  trampling,  hoof  slide,  and 
streambank  cave  in,  causes  soil  to  move  directly 
into  the  stream.   When  this  mass  movement  of  soil 
occurs,  the  only  way  the  streambank  can  remain  in 
the  equilibrium  is  to  trap  enough  sediments  to 
rebuild  itself.   Because  streams  meander,  some 
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Figure  5. — Continuous  season-long  grazing  to 
the  right  and  non-grazing  to  the 
left  of  the  fence  in  Big  Creek, 
Utah.   Note  the  dramatic  increase 
the  quantity  and  quality  of  the 
riparian  vegetation  inside  the 
exclosure. 


banks  take  more  erosive  force  from  water  than 
others.   When  a  stream  meanders,  the 
centrifugal  force  of  the  water  hitting  the 
concave  bank  (the  outside  bank  of  the  curve) 
increases  velocity  and  in  turn  friction  on  the 
bank.   The  direction  of  the  current  is  not  only 
horizontally  downstream  but  also  has  vertical 
upwelling  currents.   It  is  important,  then, 
that  all  concave  banks  are  well  vegetated  with 
deeply  rooted  plants. 


VEGETATION  FOR  STREAM  TEMPERATURE  CONTROL 

Streamside  vegetation  shades  the  stream  and 
reduces  water  temperatures  (fig.  6).   Solar 
radiation  accounts  for  about  95  percent  of  the 
heat  input  into  Intermountain  West  streams 
during  the  midday  periods  in  mid-summer. 
Summer  stream  temperatures  have  probably 
increased  in  Intermountain  West  streams  over 
the  past  century,  as  streamside  vegetation  has 
been  reduced.   This  could  be  part  of  the  reason 
for  a  gradual  shift  from  game  fish  to  less 
desirable  non-game  fish  in  many  of  the  streams. 
Many  non-game  fish  tolerate  higher  stream 
temperatures.   In  the  West,  streams  that  have 
lost  their  riparian  vegetation  or  have  had  a 
change  in  riparian  plant  forms  (e.g.,  from 
brush  to  grass) ,  are  often  too  warm  in  the 
summer  and  too  cold  in  the  winter.   Salmonids 
are  a  cold  water  fish  and  most  stocks  cease 
growth  above  68°F  (20°C).   Temperature  changes 
can  affect  the  metabolic  rate  of  fish,  change 
the  dissolved  oxygen  content  in  the  water,  and 
influence  hatching  success.   Water  temperature 
and  dissolved  oxygen  are  inversely  related.   As 
water  temperature  increases,  dissolved  oxygen 
concentration  in  the  water  decreases. 
Temperatures  above  68°F  (20°C)  have  been  known 
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Figure  6. — A  well-shaded  stream. 


to  completely  stop  fish  migration  while 
temperatures  above  77°F  (25°C)  are  often  lethal 
to  salmon  and  trout  (Reiser  and  Bjornn  1979). 

Streams  can  also  be  too  cold  for  successful  trout 
survival.   If  winter  temperatures  fall  low 
enough,  anchor  ice  can  form  on  the  bottom  of  the 
stream.   Anchor  ice  forms  when  the  nights  are 
cold  and  the  sky  is  clear  and  the  channel  can 
radiate  off  its  heat  directly  to  the  atmosphere. 
Streams  with  little  or  no  vegetative  canopy  are 
very  susceptible  to  the  formation  of  anchor  ice. 


sufficient,  but  grasses  and  forbs  have  little 
effect.   Claire  and  Storch  (1979)  found  willow 
cover  in  an  ungrazed  area  within  a  livestock 
exclosure  provided  75  percent  more  shade  to  the 
stream  than  was  found  in  the  adjacent  grazed 
area  where  willow  abundance  was  reduced. 

Herbicide  spraying,  road  construction,  logging, 
clearing,  and  conversions  of  brush  habitats  to 
grass  and  forbs  by  grazing,  have  eliminated 
vast  areas  of  brushy  species  along  streams  in 
the  Intermountain  West. 


VEGETATION  FOR  FISH  PRODUCTION 

Streamside  vegetation  provides  habitat  for 
terrestrial  insects,  which  are  an  important 
part  of  the  fish  diet.  This  vegetation  also 
provides  direct  organic  material  to  the  stream 
which  makes  up  about  50  percent  of  the  stream's 
nutrient  energy  supply  for  the  food  chain 
(Cummins  1974) .   Removal  of  streamside 
vegetation,  therefore,  can  affect  the  diet  of 
fish  by  reducing  both  the  terrestrial  and 
aquatic  insect  production  (Chapman  and  Demory 
1963).   Because  soils  in  some  watersheds, 
especially  of  granitic  parent  material,  provide 
insufficient  nutrients  to  the  stream,  riparian 
vegetation  becomes  critical  in  the  production 
of  fish  food  by  providing  habitat  for 
terrestrial  insects,  that  fall  directly  into 
the  stream.   The  stream  detritus  formed  from 
incoming  terrestrial  plants  is  a  principal 
source  of  food  for  aquatic  invertebrates  that 
eventually  become  food  for  fish  (Minshall 
1967). 


Heavy  formations  of  anchor  ice  can  produce  a 
complete  fish  kill.   Anchor  ice  can  also  reduce 
the  water  interchange  in  the  channel  substrate 
and  thus  restrict  the  oxygen  supplied  to  fish 
eggs  in  the  gravel. 

Unusual  high  stream  temperatures  can  lead  to 
disease  outbreaks,  cessation  of  feeding,  the 
stopping  of  migrations,  and  inhibition  of  fish 
growth.   Fish  have  evolved  to  survive  under  the 
natural  temperature  regime  in  their  home  streams 
and  when  man  modifies  these  ranges,  the  results 
can  be  devastating  to  the  fish  population. 

Riparian  vegetation  not  only  intercepts  and 
reduces  the  intensity  of  solar  radiation  but  in 
so  doing  also  provides  cover  in  the  form  of 
shade,  especially  along  the  margins  of  the 
stream.   This  type  of  cover  can  be  critical  to 
good  fish  survival  because  shaded  streamside 
areas  are  a  preferred  habitat  of  juvenile 
salmonids. 

Certain  types  of  vegetation  are  needed  to  control 
stream  temperatures.   Grasses  can  provide 
overhanging  cover  but  their  shortness  makes  them 
ineffective  in  intercepting  the  sun's  rays, 
except  in  very  small  streams  (stream  order  1  and 
2) .   The  larger  the  stream,  the  higher  the 
streamside  vegetation  needs  to  be  to  effectively 
intercept  the  sun's  rays.   In  large  streams 
(stream  order  6  or  larger),  trees  must  border  the 
stream  to  provide  effective  shadowing.   In  small 
to  medium  streams  (stream  order  3  to  5)  brush  is 


Cover  provides  shelter  and  may  be  the  most 
fragile  and  important  single  element  affecting 
a  fishery.   Streamside  vegetation  closely 
over-hanging  the  water  surface  or  entering  the 
water  provides  cover.   Young-of-the-year 
salmonids  are  dependent  on  this  cover  for  their 
survival,  and  it  needs  to  be  maintained. 


DISCUSSION 

Now  that  the  vegetation  requirements  for  the 
aquatic  habitat  and  its  fisheries  are  better 
understood,  land  managers  need  to  find  better 
answers  to  critical  questions: 

1 .  Is  my  management  program  providing 
for  high-quality  streamside 
vegetation? 

2.  How  far  removed  from  the  natural 
state  are  the  riparian  areas  in  my 
district? 

3.  What  are  the  first  indicators  that 
the  streamside  vegetation  is 
increasing  or  decreasing  in  quality 
and  how  do  we  measure  these 
indicators? 

4.  How  much  and  what  type  of  vegetation 
is  needed  for  streambank  stability 
and  to  develop  the  canopy  needed  to 
control  stream  temperatures? 
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5.  What  vegetation  types  provide  the  best 
cover?   The  most  fish  food? 

6.  What  methods  are  available  to 
rehabilitate  degraded  riparian 
habitats  and  how  long  does  it  take? 

7.  What  intensity  and  system  of  grazing 
should  I  use  to  protect  riparian 
habitats  and  insure  their 
productivity? 

Managers  do  not  ask  the  first  question  often 
enough.   Actually,  fisheries  specialists  should 
answer  the  question  and  when  appropriate 
suggest  changes  in  management. 

It  took  many  years  for  streamside  environments 
in  the  Intermountain  West  to  reach  their 
present  altered  conditions.   It  would  be 
erroneous  to  expect  these  environments  and 
their  streams  to  be  quickly  rehabilitated.   It 
has  been  well  demonstrated,  however,  that  the 
streamside  vegetation  component  of  the  stream 
habitat  does  respond  much  quicker  than  the 
other  components  when  better  management 
practices  are  applied  (Platts  1981).   This 
response,  in  turn,  speeds  up  the  rehabilitation 
of  other  stream  components,  thus  giving  the 
land  manager  a  tool  to  work  with  in  developing 
better  streams. 
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MANAGING  VEGETATION  FOR  PRONGHORNS 

IN  THE  GREAT  BASIN 

Jim  Yoakum 


ABSTRACT 

Pronghorn  densities  and  distribution  in  Great 
Basin  rangelands  are  directly  related  to  the 
quantity  and  quality  of  vegetation.   Wild  fires 
and  prescibed  burning  often  enhance  pronghorn 
habitats  by  favorably  changing  the  vegetation. 
Properly  designed  vegetation  manipulation 
projects  can  also  improve  pronghorn  habitats. 
Pronghorns  benefit  when  tall,  thick  stands  of 
shrubs  are  thinned  to  produce  a  low,  open 
shrubland  vi/ith  an  abundance  of  grasses  and 
forbs.   Rangeland  seedings  should  maintain  5  to 
10  percent  shrubs.   Mixture  seedings  are 
preferred  over  monocultures.   The  planting  of 
forbs,  such  as  dryland  alfalfa,  in  rangeland 
seedings  provides  preferred  forage  species. 
Specific  case  histories  are  reviewed  to 
describe  relationships  between  pronghorns  and 
rangeland  improvement  projects  on  Great  Basin 
shrub  steppes. 


INTRODUCTION 

Vegetation  is  one  of  the  most  important  habitat 
components  controlling  pronghorn  (Antilocapra 
americana)  distribution  and  abundance.   The 
quantity  and  quality  of  different  plant 
communities  affect  pronghorn  densities 
(Sundstrom  and  others  1973;  Yoakum  1972). 
Therefore,  the  production  and  survival  of 
pronghorns  is  directly  related  to  how 
vegetation  is  maintained  or  manipulated. 

This  paper  reviews  the  relationship  of 
vegetation  to  pronghorns  regarding:  (1)  forage 
and  cover  habitat  requirements;  (2)  management 
objectives  for  forage  classes,  composition,  and 
structure;  and  (3)  recommended  practices  for 
maintaining  and  enhancing  vegetation. 


PRONGHORN  REQUIREMENTS  FOR  VEGETATION 

The  pronghorn 's  requirements  for  vegetation  have 
been  identified  for  sagebrush-grassland  steppes 
of  the  Great  Basin  (Yoakum  1974).   Vegetation 
characteristics  including  ground  cover, 
composition,  species  variety,  succulence,  and 
structure  were  described.   It  was  pointed  out 
that  too  much  or  too  little  of  any  one  of  these 
vegetation  characteristics  could  limit  pronghorn 
densities.   Pronghorn  forage  needs  and  plant 
structure  requirements  are  specific  and 
critical . 


Forage 

An  adult  pronghorn  needs  approximately  2  pounds 
(.90  kg)  of  air-dry  forage  per  day  (Severson 
and  others  1968).   This  forage  must  be  from 
plant  species  that  are  palatable  to  pronghorns 
in  order  to  provide  nutrition  for  survival  and 
reproduction  (Stoszek  and  others  1978). 

There  have  been  numerous  food  habit  studies  of 
pronghorns  in  the  Great  Basin  (Mason  1952  for 
Oregon;  Yoakum  1958  for  California,  Idaho, 
Nevada,  and  Oregon;  Beale  and  Smith  1970  for 
Utah;  and  Hansen  1982  for  Nevada.)   These 
reports  substantiate  that  pronghorns  are 
opportunistic  herbivores  selecting  the  most 
palatable  and  succulent  forage  throughout  the 
year.   Pronghorns  forage  on  at  least  10  species 
of  grasses,  70  species  of  forbs,  and  20  species 
of  shrubs  in  the  Great  Basin,  using  about  7 
percent  grasses,  22  percent  forbs,  and  71 
percent  shrubs  on  a  year-long  basis  (Yoakum 
1958). 

Unfortunately,  few  food  habit  studies  have 
related  pronghorn  diets  to  forage  available. 
Such  comparisons  are  needed  to  analyze 
plant  preferences  and  competition  with 
other  herbivores,  and  for  managers  to  allocate 
vegetation  among  the  herbivores  on  a  rangeland. 
Recently,  Hansen  (1982)  completed  a  thorough, 
year-long  study  in  northwestern  Nevada  in  a  low 
sagebrush  community.   He  found  the  pronghorns 
consuming  nearly  equal  proportions  of  forbs  (46 
percent)  and  shrubs  (45  percent),  and  5  percent 
grasses.   This  was  the  highest  use  of  forbs  on 
a  year-long  basis  reported  in  the  Great  Basin. 
This  high  use  of  forbs  was  comparable  to  diet 
studies  for  the  grassland  biome,  e.g.,  54 
percent  in  Colorado  (Hoover  and  others  1959); 
70  percent  in  New  Mexico  (Russell  1964);  76 
percent  in  Kansas  (Hlavachick  1968);  and  68 
percent  in  Texas  (Roebuck  1982).   Roebuck's 
statement  "Use  of  shrubs  occurred  only  when 
forbs  were  not  available  ..."  documents 
pronghorn  preference  for  forbs. 


Jim  Yoakum  is  a  Wildlife  Biologist  with  the  USDI 
Bureau  of  Land  Management,  at  the  University  of 
Nevada,  Reno 
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The  habitat  requirements  of  pronghorn  fauns 
require  further  study.   Tall  shrubs  may  provide 
important  protection  cover  for  fawns  in  some 
biomes,  but  not  in  others.   For  example,  shrubs 
often  comprise  less  than  5  percent  of 
vegetative  cover  in  the  grasslands  yet 
grasslands  support  the  highest  pronghorn 
densities  in  North  America  (Yoakum  1968). 


MANAGEMENT  PROCEDURES 

Because  vegetation  is  used  daily  by  pronghorns, 
and  is  one  of  the  most  important  habitat 
components,  there  is  need  to  document  the 
objectives  and  practices  of  managing  vegetation 
for  the  pronghorn's  welfare.   I  have  previously 
identified  four  management  objectives  (Yoakum 
1980): 

1.  Initially  inventory  vegetation  quantity 
and  quality  and  follow-up  periodically 
with  monitoring  studies. 

2.  Compare  the  quantity  and  quality  of 
vegetation  provided  by  a  site  with 
pronghorn  habitat  requirements. 

3.  When  the  vegetation  on  a  site  provides 
high  quality  pronghorn  habitat,  then 
by  design,  maintain  these  quality 
conditions. 

4.  Improve  habitats  which  have 
deteriorated,  or  which  lack  pronghorn 
habitat  requirements. 

Forbs 

Forbs  are  preferred  year-round  forage;  their 
presence  in  the  plant  community  is  a  habitat 
requirement.   Managers  allotting  forage  to 
different  herbivores  should  avoid  or  alleviate 
severe  competition  for  forbs  which  pronghorns 
need  to  subsist.   Managers  manipulating 
vegetation  can  encourage  growth  of  native 
forbs.   Livestock  grazing  systems  can  be 
designed  recognizing  that  forb  seeds  generally 
mature  later  than  grass  seeds.  Where 
rangelands  are  reseeded,  use  mixtures  of  seeds 
that  include  several  species  of  forbs. 
Compared  to  20  years  ago,  many  forb  seeds  are 
readily  available  at  reasonable  prices. 

Shrubs 

Shrubs  are  an  extremely  important  component  of 
pronghorn  habitats,  particularly  in  the  Great 
Basin.   The  availability  of  shrubs  for  forage 
during  severe  winters  has  been  directly  linked 
to  pronghorn  survival  (Bayless  1969;  Barrett 
1982).   Sagebrush  (Artemisia  sp.),  bitterbrush 
(Purshia  tridentata),  and  rabbitbrush 
(Chrysothamnus  spp.)  are  especially  important 
to  pronghorns  in  the  Great  Basin.   These  plants 
should  not  be  eliminated  from  pronghorn 
rangeland.   Illegal  spraying  of  sagebrush  on 
public  lands  in  Wyoming  resulted  in  an 
administrative  law  decision  requiring  the 
appellant  to  replant  sagebrush  for  wildlife 
(Diamond  Ring  Ranch,  IBLA  73-48,  August  17, 
1973).  Rabbitbrush  is  considered  an 
undesirable  forage  plant  for  livestock;  however, 
it  is  a  highly  preferred  forage  for  pronghorns. 


Therefore,  it  should  be  protected  and  encouraged 
as  a  component  of  the  natural  vegetative 
community  in  pronghorn  habitats. 

Too  much  or  too  little  of  any  habitat  component 
can  be  benefical  or  detrimental  to  wildlife 
(Dasmann  1964).   This  is  especially  true  for 
shrubs  on  pronghorn  habitat  in  the  Great  Basin. 
A  shortage  of  shrubs  can  reduce  survival  during 
winters  when  snows  cover  most  vegetation  and 
only  shrubs  protrude  to  provide  forage,  and 
perhaps  when  there  are  too  few  for  adequate 
cover  for  fawns.   Too  many  shrubs,  on  the  other 
hand,  impede  rapid  mobility  from  predators  and 
compete  for  moisture  and  soil  nutrients  needed 
to  produce  other  preferred  forage  species.   A 
plant  community  containing  5  to  10  shrub  species 
covering  5  to  30  percent  of  the  ground  provides 
optimum  vegatation  on  pronghorn  habitat. 

Grasses 

Although  pronghorns  usually  do  not  feed  heavily 
on  grasses,  shortgrass  prairies  east  of  the 
Rocky  Mountains  are  noted  for  maintaining  some 
of  the  highest  pronghorn  densities  in  North 
America  (Yoakum  1972;  Sundstrom  and  others 
1973).   These  grasslands  provide  good  forage 
(primarily  forbs)  and  protection  from  predators 
(predators  are  easily  seen;  vegetation  does  not 
impede  quick  escape). 

Grasses  are  important  during  winters  as  they  are 
high  in  energy.   Even  though  pronghorns  do  not 
consume  large  quantities,  they  do  eat  grasses 
each  month  of  the  year.   Their  preference 
appears  to  be  for  finer  textured  species  such 
as  the  Poas  compared  to  the  rougher  textured 
Aqropyrons.   Cheatgrass  (Bromus  tectorum)  is 
readily  eaten  and  was  the  only  graminae  found 
in  a  year-long  food  habit  study  in  Oregon 
(Yoakum  1958).   Rangelands  having  20-50  percent 
grass  ground  cover  were  rated  as  preferred 
habitats  in  southeastern  Oregon  (Yoakum  1980). 

Composition 

Suitable  pronghorn  habitats  in  the  Great  Basin 
support  mixtures  of  grasses,  forbs,  and  shrubs. 
When  available,  each  forage  class  is  eaten  in 
all  seasons  of  the  year.   The  proportion  of  each 
forage  class  present  is  a  major  criterion 
determining  a  habitat's  degree  of  suitability 
for  pronghorn  occupancy  (Kindschy  and  others 
1982).   In  general,  rangelands  with  about 
one-third  each  of  grass,  forbs,  and  shrubs  are 
desirable.   Total  vegetative  ground  cover  should 
averaqe  about  50  percent,  and  produce  500  to 
1,000  lbs  of  forage  per  acre  (563  to  1  125) 
kg/ha). 

Structure 

Plant  structure  is  directly  related  to  pronghorn 
occupancy  of  rangelands  (Yoakum  1972).   The 
height  of  vegetation  appears  to  be  a  major 
factor.   Plant  communities  with  heights  greater 
than  24  inches  (60  cm)  are  less  frequently 
occupied.  This  behavior  may  have  been  selected 
for  over  eons  of  time,  since  (1)  predators  can 
hide  in  high,  thick  vegetation,  and  (2)  the 
pronghorn's  ability  to  escape  rapidly  is  impeded. 
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MANAGEMENT  PRACTICES 


Enhance  Habitats  in  Low  Quality  Condition 


Management  of  pronghorn  habitat  should  be 
based  upon  a  careful  comparison  of  plant 
inventory  and  trend  studies  with  pronghorn 
habitat  requirements.   This  comparison  will 
indicate  whether  to  maintain  vegetation  in 
present  condition  or  attempt  to  make  range 
conditions  more  favorable  to  pronghorns.  Plant 
community  inventory  and  monitoring  procedures 
were  discussed  in  a  previous  paper  (Yoakum 
1982);  greater  emphasis  will  now  be  given  to 
discussing  the  maintenance  and  enhancement  of 
habitats. 

Maintain  Existing  Quality  Habitats 

A  cardinal  rule  of  wildlife  habitat  management 
is  that  when  an  environment  exists  in  good 
condition  achieving  its  ecological  site 
potential,  then  maintain  that  site  in  that  good 
condition.   The  site  will  support  the  variety 
of  wildlife  species  that  has  adapted  over 
centuries  to  that  ecosystem  (Shelford  1963; 
Thomas  1979). 

following  this  ecological  principle  will  not  meet 
all  management  objectives,  such  as  producing 
maximum  numbers  of  pronghorns.   for  example,  some 
desert-shrub  communities  in  the  Great  Basin  have 
60  percent  or  more  shrubs.   If  this  is  the 
site's  natural  potential,  it  will  not  support 
a  large  pronghorn  population,  because  the  site 
has  a  low  carrying  capacity  for  pronghorn. 
Management  should  not  expect  the  site  to  produce 
more  pronghorns. 

When  the  present  vegetation  provides  all  of  the 
biological  requirements  of  pronghorns,  then 
maintenance  of  that  site  is  of  utmost  importance 
to  maintain  those  pronghorns.   Carrying  capacity 
for  pronghorns  varies  from  rangeland  to 
rangeland;  always  depending  on  the  mix  of 
pronghorn  habitat  requirements  that  a  site 
provides.   The  carrying  capacity  of  a  site  can 
change  through  natural  plant  succession  as  a 
result  of  a  wildfire.   It  is  because  of  these 
changes  that  the  habitat  manager  must  monitor 
sites  periodically. 

Pronghorns  are  products  of  their  environment. 
If  rangelands  have  the  right  combination  of 
habitat  factors,  then  the  areas  have  the 
potential  to  produce  maximum  numbers  of 
pronghorns.   However,  if  a  rangeland  lacks  just 
one  factor,  or  if  a  factor  is  low  in  quantity 
or  quality,  then  that  site  is  limited  in  its 
ability  to  produce  maximum  numbers  of 
pronghorns.   This  concept  of  carrying  capacity 
is  well  documented  for  various  species  of  big 
game  (Russo  1964;  Dasmann  1971;  Caughley  1979) 
but  it  appears  to  be  not  so  well  understood  for 
the  pronghorn,  especially  on  rangelands  that  are 
managed  for  multiple  use.   I  repeat  this  basic 
principle  of  habitat  management  for  emphasis: 
Recognize  habitats  in  good  ecological  condition, 
and  then  by  objective,  maintain  them. 
Management  of  such  sites  will  provide  not  only 
for  pronghorns,  but  also  will  provide  natural 
environments  for  the  security  of  other  wildlife 
species  endemic  to  the  areas. 


If  a  habitat  is  in  good  conditio^ it  is  producing 
its  natural  potential  of  pronghorns;  therefore, 
manipulation  of  vegetation  cannot  be  justified 
as  a  means  to  improve  conditions  for  pronghorns. 
Only  on  those  sites  which  provide  inadequate 
vegetative  conditions  but  which  provide  the  right 
combination  of  other  habitat  factors  can  it  be 
justified  to  manipulate  vegetation  for 
pronghorns.   Pronghorns  thrive  on  rangelands  in 
a  subclimax  vegetative  condition  (Kindschy  and 
others  1982).   Such  conditions  can  be  the  result 
of  wildfires  caused  by  lightning,  grazing  by 
herbivores,  or  vegetation  manipulation. 
Vegetative  communities  in  the  Great  Basin  contain 
a  variety  of  grasses,  forbs,  and  shrubs.  Range 
improvement  projects  that  provide  similar  mixed 
forage  classes  are  best  suited  to  pronghorn 
requirements. 

Structure  Manipulation 

Extensive  areas  of  dominant  (more  than  30  percent 
plant  composition),  high  (exceeding  24  inches  [60 
cm])  shrublands  are  low-density  rangelands  for 
pronghorns  compared  to  similar  sites  with  fewer 
shrubs  and  more  grasses  and  forbs.   These 
shrublands  can  be  treated  to  make  the  vegetal 
structure  more  favorable  for  pronghorns. 

Shrub  control  has  been  a  major  practice  on 
western  rangelands  during  the  past  4  decades. 
Manipulating  sagebrush  with  large  brushland  plows 
was  one  method  used  extensively.  Sometimes  up 
to  95  percent  of  the  sagebrush  (Vallentine  1971) 
was  removed.  However,  the  practice  often  kills 
other  plants,  especially  forbs  and  perennial 
bunchgrasses  used  by  wildlife.   Chaining,  another 
mechanical  shrub  control  method,  is  accomplished 
by  dragging  a  heavy  anchor  chain  in  a  U-shape 
behind  two  crawler  tractors  traveling  in  a 
parallel  direction.  Chaining  does  not  kill  as 
many  shrubs  as  plowing  and  is  less  damaging  to 
native  grasses  and  forbs. 

Eire  is  common  on  rangelands  and  is  one  of 
nature's  primary  ways  of  developing  and 
maintaining  grasslands  (Sauer  1950).   Burning  is 
the  oldest  known  practice  used  by  man  to 
manipulate  vegetation  on  grazing  lands 
(Vallentine  1971).   Accidental  burns  can  be  more 
deleterious  than  beneficial  to  rangeland 
resources;  however,  prescribed  burning  can  be 
beneficial  and  economical  as  a  habitat  management 
technique.   Prescribed  burning  is  systematically 
planning  the  firing  of  lands  when  weather  and 
vegetation  favor  a  particular  method  of  burning 
that  can  be  expected  to  maximize  benefits. 

Artificial  Seedings 

If  preferred  plant  species  are  scarce,  pronghorn 
habitats  can  be  seeded  artificially.   Scarcity 
of  favored  plants  can  result  from  repeated  wild 
fires  destroying  endemic  sagebrush-grassland 
types  (Leopold  1966),  and  also  when  mining 
operations  strip  off  the  natural  vegetation. 
Under  such  circumstances  on  public  lands,  the 
Surface  Mining  Act  of  1977  requires 
rehabilitation  of  the  site  to  its  original 
vegetative  conditions,  including  the  replanting 
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of  sagebrush. 

Past  artificial  seeding  programs  in  the  western 
United  States  can  be  classified  into  three 
categories: 

1.  Single  species  seedings. 

2.  Simple  mixture  seedings. 

3.  Complex  mixture  seedings. 

The  effects  of  these  seedings  on  pronghorns 
warrant  discussion. 

Single  Species  Seedings 

Crested  wheatgrass  (Agropyron  cristatum)  has 
been  used  most  frequently  in  single  species 
seedings  in  the  Great  Basin.   Other  species  of 
grasses  have  been  planted,  but  none  so 
extensively  as  crested  wheatgrass. 

The  effect  of  crested  wheatgrass  on  pronghorn 
populations  has  been  not  well  studied  to  date. 
Reeher  (1969)  conducted  a  2  year  study  on 
seedings,  noting  that  pronghorns  used  plowed  and 
seeded  projects  more  than  sprayed  and  seeded 
sites.   Spalinger  (reported  in  Yoakum  1980) 
conducted  an  analysis  of  pronghorn  fecal  samples 
collected  on  a  crested  wheatgrass  seeding  from 
Malheur  County,  Oregon.   The  samples  were 
obtained  during  late  winter  of  1977.   Although 
crested  wheatgrass  was  the  dominant  plant  in  the 
site  (frequency  of  52  percent),  only  an 
estimated  2  percent  was  found  in  the  pronghorn 
fecal  samples. 

Simple  Mixture  Seedings 

When  2  to  5  species  are  planted  concurrently, 
the  practice  is  referred  to  as  a  simple  mixture 
seeding.   Often  this  has  been  the  planting  of 
1  or  more  grasses  and  1  or  2  forbs.   Such 
seedings  have  been  well  used  by  pronghorns, 
especially  when  dryland  alfalfa  (Medicaqo  spp.) 
was  used  and  10  percent  or  more  of  the  native 
shrubs  were  retained. 

Dryland  alfalfa  has  been  one  of  the  most 
successful  forbs  seeded  on  pronghorn  rangelands 
in  southeastern  Oregon  (Kindschy  and  others 
1982).   In  excess  of  56,000  acres  were  planted 
in  36  separate  seedings.   Dryland  alfalfa  was 
aerially  seeded  over  plowed  sagebrush  rangelands 
which  had  been  drilled  with  crested  wheatgrass. 
Recent  analysis  of  20  of  these  seedings 
disclosed  that  dryland  alfalfa  maintained  10 
percent  composition  over  a  10-year  period, 
increasing  the  forb  composition  from  2  percent 
to  7  percent  in  seeded  areas. 

Another  seeded  grass-forb  project  proved 
beneficial  to  pronghorn  in  Bear  Valley,  Oregon. 
Forty  years  ago,  pronghorns  were  not  in  the 
valley  although  herds  occupied  adjacent  areas. 
Bear  Valley  was  predominantly  private  rangelands 
used  for  grazing  domestic  livestock.  The 
vegetation  was  changed  through  manipulation 
practices.   The  objective  was  to  decrease  the 
abundant,  tall,  unpalatable  (to  cattle) 
sagebrush  and  to  plant  crested  wheatgrass  and 
dryland  alfalfa  for  livestock.  This  resulted 


in  changing  the  vegetative  structure  from  a 
dominant,  high-shrub  community  to  one  of 
low-growing  grasses  and  forbs  with  sparse  stands 
of  sagebrush.   In  addition,  over  this  40-year 
period  the  ranchers  improved  the  habitat  from 
a  low-quality  vegetative  community  to  one  highly 
favorable  to  pronghorns.   Vegetation  trend 
transects  completed  in  1982  disclosed  that  the 
plant  composition  was  57  percent  grass,  47 
percent  dryland  alfalfa,  and  2  percent  shrubs 
on  treated  rangelands.  During  this  40  year 
period,  pronghorns  first  ventured  into  the 
valley  for  short  periods  and  then  moved  back  to 
their  historic  ranges.   As  additional  acreages 
were  manipulated  and  winters  remained  mild,  the 
pronghorns  became  established  in  the  valley 
year-long.   The  population  expanded  to  over  600 
animals  within  a  20-year  period  and  supported 
one  of  the  highest  doe: fawn  ratios  in  Oregon 
(Torland  1980). 

Complex  Mixture  Seedings 

Complex  mixture  seedings  contain  a  number  of 
different  plant  species  (Plummer  and  others 
1968;  Yoakum  and  others  1980).   These  mixtures 
vary,  but  for  wildlife  habitat  restoration, 
Plummer  and  others  (1968)  recommended  mixtures 
to  have  a  minimum  of  6  species  each  of  grasses, 
forbs,  and  shrubs.   Plummer  and  his  coworkers 
have  investigated  seedings  for  the  past  30  years 
on  over  24,000  acres  of  successfully  treated 
rangelands.   Their  findings  are  the  culmination 
of  intensive  research  and  tried  and  tested  field 
results.   Their  publication,  "Restoring  Big  Game 
Ranges  in  Utah,"  is  a  classic  and  a  valuable 
guide  for  range  and  habitat  managers  concerned 
with  restoring  western  rangelands.   It  cannot 
be  stressed  too  strongly  that  all  vegetation 
improvement  projects  should  be  planned  in 
conformance  with  the  basic  principles  and 
practices  for  successful  range  restoration 
advocated  by  Plummer  and  others  (1968).   These 
procedures  have  wide  application  on  pronghorn 
rangelands  throughout  the  west. 

Complex  mixture  seedings  serve  pronghorns  best 
because  they  re-establish  a  mixed  plant 
community  of  grass,  forbs,  and  shrubs, 
approximating  natural  conditions  much  more  than 
monotypic  cultures.   They  meet  the  vegetation 
requirements  of  pronghorns  and  many  other 
wildlife  species. 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific knowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 
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University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
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This  paper  visually  documents  vegetative  and 
cultural  changes  during  the  period  1871-1982  in  a  wide 
range  of  vegetative  types  in  Montana  and  adjacent 
areas  of  Idaho.  The  baseline  established  can  be  utiliz- 
ed to  determine  how  current  wildlife  habitats  compare 
with  those  of  the  past.  This  facilitates  an  assessment 
of  the  kind  of  vegetation  management  needed  to  main- 
tain specific  habitats. 

Prior  to  settlement,  many  biotic  and  abiotic  factors 
influenced  vegetative  development.  Of  these,  wildfire 
was  of  primary  importance.  Because  of  its  past 
significance  as  a  manipulator  of  vegetation,  the  in- 
fluence of  fire  is  treated  in  some  detail  in  this  report. 

Vegetative  succession  and  corresponding  wildlife 
habitat  conditions  have  been  documented  by 
rephotographing  86  scenes  in  Montana  and  Idaho.  The 
early  scenes  were  taken  between  1871  and  1946  in 
geographical  areas  representative  of  major  vegetative 
types.  Four  geographical  subdivisions  of  Montana  and 
Idaho  designated  "regions"  are  covered.  These  broad 
subdivisions  provide  an  insight  on  climate, 
topography,  and  kind  of  vegetation.  Interpretations  of 
fire's  influence  on  vegetation  has  been  facilitated  by 
stratifying  habitat  types  (Pfister  and  others  1977)  that 
respond  similarly  to  fire  into  "fire  groups"  (Davis  and 
others  1980;  Fischer  and  Clayton  1983). 

The  photo  record  shows: 

-  Early  stages  of  plant  succession  were  more  com- 
mon on  Montana  and  Idaho  landscapes  in  the  period 
1870-1940  than  today. 

-  Moist  coniferous  forests  exhibited  fire  mosaics  of 
young  growth  interspersed  within  mature  trees. 

-  Drier  forest  types  were  quite  open. 

-  Rangelands  had  a  "smoother"  appearance,  with 
continuous  grass  cover  and  fewer  shrubs  and  trees 
than  in  recent  times. 

Historically,  vegetative  patterns  resulting  from  early 
fire  were  optimal  for  some  wildlife  species,  while  for 
others  conditions  were  marginal  or  detrimental.  Euro- 
pean settlement  ultimately  resulted  in  a  marked  reduc 
tion  in  frequency  and  extent  of  wildfire's  influence  on 
the  landscape.  Differing  habitat  conditions  resulting 
from  early  fires  and  subsequent  absence  of  fire  and 
implications  on  wildlife  are  discussed. 

Ecologically,  fire  converts  vegetation  from  old 
stages  or  decadency  to  an  early  stage.  Prescribed  fire 
can  be  utilized  effectively  to  improve  wildlife  habitat 
and  other  resources. 

Past  use  of  prescribed  fire  has  been  primarily  in  the 
serai  shrubfields  of  northern  Idaho  and 
sagebrush/grass  vegetative  types  of  southwestern 
Montana.  Use  of  surface  fire  beneath  conifers  has 
also  been  effectively  utilized  in  northwestern  Montana. 
There  are  widespread  opportunities  to  utilize  logging 
and  prescribed  fire  to  improve  wildlife  habitat  in  non- 
commercial and  commercial  forest  lands.  Controlling 
growth  of  conifers  by  timber  harvests  and  prescribed 
fire  can  be  a  powerful  means  of  setting  forest  succes- 
sion back  and  achieving  productive  wildlife  habitat. 
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Fire  and  Vegetative  Trends  in 
the  Northern  Rockies: 
Interpretations  from  1871-1982 
Photographs 


George  E.  Gruell 


INTRODUCTION 

Retaking  of  early  photographs  has  been  shown  to  be 
an  effective  means  of  recording  changes  in  vegetation 
(Gruell  1980;  Hastings  and  Turner  1965;  Houston  1982; 
Phillips  1963;  Progulske  1974).  This  report  documents 
photographically  the  changes  in  forest  and  grassland 
vegetation  in  Montana  and  adjacent  areas  of  Idaho. 
These  photo  comparisons  allow  the  reader  to  interpret 
changes  in  vegetation  in  a  variety  of  ecosystems. 

Previously,  changes  in  eastern  Montana  vegetation 
were  interpreted  by  the  retaking  of  H.  L.  Shantz' 
post- 1900  photographs  (Phillips  1963).  Post- 1900 
photographs  have  also  been  retaken  in  the  Missouri 
Breaks  and  mountain  foothills  of  the  Dillon  Resource 
Area  (U.S.  Department  of  the  Interior,  Bureau  of  Land 
Management  1979,  1980).  The  Bureau  of  Land  Manage- 
ment photographs  were  almost  entirely  on  State, 
private,  or  Natural  Resource  lands  and  were  not  inter- 
preted ecologically.  The  early  scenes  in  this  report  were 
taken  between  1871  and  1946;  retakes  were  made  from 
1979  through  1982. 

PURPOSE 

The  primary  purpose  of  this  study  is  to  establish  a 
reference  point  or  baseline  that  can  be  utilized  by 
various  management  agencies  and  the  public  to  deter- 
mine how  current  wildlife  habitats  compare  with  those  of 
the  past.  This  facilitates  an  assessment  of  the  kind  of 
vegetation  management  needed  to  maintain  specific 
habitats.  The  photographic  comparisons  also  have  wider 
application.  They  provide  insight  for  silviculture  and  for 
management  of  fuels,  grazing,  watersheds,  and  scenic 
and  cultural  values. 

Land  managers  and  the  public  share  a  common  in- 
terest in  managing  forests  and  rangelands  to  produce 
long-term  multiple  benefits.  Oftentimes  there  is  a  dif- 
ference of  opinion  on  management  objectives  and  how 
these  should  be  accomplished.  Disagreement  may  occur 
when  information  is  lacking  on  long-term  trends  in 
vegetation.  People  need  "yardsticks"  to  measure  the 
direction  and  rate  of  change  in  their  environments.  This 
publication  can  aid  those  interested  in  resource  manage- 
ment by  providing  a  frame  of  reference  on  vegetative 
trend.  It  should  also  make  people  more  aware  of  just 
how  dynamic  this  vegetation  is  upon  which  we  all  de- 
pend. 


FACTORS  INFLUENCING 
VEGETATION 

Many  environmental  factors  including  climate,  insects 
and  diseases,  wind,  severe  windstorms,  browsing  by  wild 
ungulates,  domestic  livestock  grazing,  and  fire  have  in- 
fluenced vegetative  development.  The  influence  of 
specific  factors  varies,  depending  upon  the  ecosystem 
and  frequency  of  the  disturbance.  For  example,  climatic 
changes  over  the  past  several  thousand  years  have  in- 
fluenced the  latitudinal  and  elevational  distribution  of 
conifers  (Mehringer  and  others  1977).  The  drought  of  the 
1930's  had  profound  effects  on  vegetation  in  eastern 
Montana  (Ellison  and  Woolfolk  1937).  Insects  and 
diseases  have  apparently  affected  vegetation  over  millen- 
nia. Mountain  pine  beetle  (Dentroctonus  ponderosae)  out- 
breaks have  occurred  periodically  over  vast  areas  of  the 
Northern  Rockies  (Roe  and  Amman  1970).  Wind  is  a 
recurring  disturbing  agent,  breaking  limbs  and  uprooting 
trees.  Wild  ungulates  have  had  pronounced  effects  on 
vegetation  in  localized  areas  of  concentrated  use.  Ex- 
cessive livestock  grazing  has  been  responsible  for 
widespread  changes  in  native  plant  communities  (Clapp 
1936).  Fire  history  studies  (Arno  1980)  and  1805-06  ac- 
counts by  Lewis  and  Clark  (Thwaites  1959)  and  other 
early  day  visitors  indicate  that  wildfires  have  long  been 
a  major  influence  on  vegetation. 

Fire  Perspective 

Of  all  biotic  and  abiotic  influences  on  vegetation,  fires 
were  the  most  prevalent  major  disturbances  on  the  land- 
scape prior  to  European  settlement.  Fire's  influence 
varied  with  local  weather  patterns  and  fuels.  Moist 
forests  burned  infrequently,  while  drier  forest  types  and 
rangelands  supporting  continuous  fuels  were  apparently 
swept  by  frequent,  large  fires  (appendix  III).  The  long 
history  of  fires  set  by  lightning  and  by  Indians  was 
manifested  in  a  fire-prone  environment  over  much  of  the 
landscape.  As  reported  in  1805  and  1806  by  Lewis  and 
Clark  (Thwaites  1959)  and  in  1833  by  Ferris  (Phillips 
1940),  many  early  fires  were  set  for  purposes  of  com- 
municating between  scattered  bands  and  for  other  pur- 
poses (Barrett  1980;  Gruell  1983).  Heavy  grazing  by 
bison  (Bison  bison)  in  central  and  eastern  Montana 
(Raynolds  1868)  probably  limited  fire  spread  on  occasion. 

Settlement  by  Europeans  apparently  brought  about 
cultural  changes  that  reduced  the  incidence  and  size  of 


wildfires.  The  breaking  up  of  fuel  continuity  by  livestock 
grazing  and  cultivation,  coupled  with  fire  suppression, 
and  the  elimination  of  the  Indian  as  an  ignition  source 
by  relocation  to  reservations  are  thought  to  be  primary 
factors.  Significant  changes  in  vegetation  (i.e.,  succes- 
sion) have  resulted  from  the  absence  of  or  greatly 
reduced  incidence  of  fire.  The  successional  changes  that 
have  occurred  would  have  been  improbable  in  the  pre- 
European  environment  where  frequent  fires  suppressed 
woody  vegetation.  Nevertheless,  succession  apparently 
has  not  been  significantly  altered  in  the  more  moist  plant 
communities  where  human  influences  have  been  negligible 
over  long  periods  of  time. 

INTERPRETING  FIRE  EFFECTS 

Interpretation  of  fire  effects  has  been  facilitated  by 
stratifying  habitat  types  (Pfister  and  others  1977)  that 
respond  similarly  to  fire  into  fire  groups  (Davis  and 
others  1980;  Fischer  and  Clayton  1983).  Fire  ecology 
groups  of  habitat  types  have  been  utilized  extensively. 

Eleven  fire  groups  are  recognized  in  the  Northern 
Region  National  Forests.  The  vegetation  in  eight  of 
these  groups  is  photographically  documented  in  this 
report  (table  1).  Several  nonforest  scenes  that  do  not  fit 
into  established  fire  groups  (sagebrush/grass,  mahogany, 
and  juniper)  have  been  included  as  separate  fire  groups 
(table  1).  Fire  groups  are  discussed  in  appendix  I.  These 
descriptions  will  help  the  reader  evaluate  the  differing  ef- 
fects of  fire  discussed  under  the  "Photo  Record."  Scien- 
tific names  of  plant  species  are  listed  in  appendix  II. 

RETRIEVAL  AND  SELECTION  OF 
PHOTOGRAPHS 

Several  thousand  photographs  were  examined  during 
the  course  of  this  study.  Sources  varied  from  prominent 
collections  such  as  the  National  Archives  in  Washington, 
D.C.,  Montana  Historical  Society,  and  USDI  Geological 


Survey  in  Denver,  Colo.,  to  obscure  collections  that  had 
little  if  any  record  of  date,  location,  or  photographer. 
The  purpose  of  taking  the  original  photographs  was 
usually  to  record  people,  scenery,  livestock,  structures, 
or  geologic  features.  Few  early  scenes  were  taken  ex- 
pressly to  document  vegetation. 
The  selection  process  included  the  following  criteria: 

1.  Photographs  taken  before  1930  were  preferred,  but 
because  of  limited  availability  a  few  taken  after  this  date 
were  utilized. 

2.  The  scene  had  to  contain  identifiable  land  features 
that  could  be  used  as  points  of  reference  to  relocate  the 
approximate  camera  point.  Scenes  were  rejected  where 
there  appeared  to  be  a  high  probability  that  tree  growth 
had  since  screened  the  original  view. 

3.  Good  photo  quality  was  essential.  Nevertheless,  a 
few  very  early  photos  of  marginal  quality  were  included 
because  they  were  the  only  ones  available  for  showing 
early  conditions  in  prominent  vegetative  types. 

4.  Emphasis  was  placed  on  selection  of  photographs 
taken  at  lower  to  mid-elevations  where  plant  com- 
munities are  most  conducive  to  supporting  wildlife. 

Photographs  meeting  the  above  criteria  were  retaken 
as  available  throughout  the  distribution  of  major  plant 
communities.  The  retake  process  allowed  evaluation  of 
the  effects  of  fire  in  many  vegetative  types.  About  20  of 
the  early  photographs  showed  evidence  of  previous  fires. 
These  were  selected  for  purposes  of  determining  dif- 
ferences in  vegetal  response. 

The  selection  process  did  not  allow  prior  determination 
of  current  vegetative  conditions  before  the  retake 
photograph  was  made.  Thus,  the  retake  photographs  are 
considered  a  relatively  unbiased  sample  of  vegetal 
change  in  the  study  area.  Because  the  earliest  photo 
records  were  from  the  early  1870's,  no  photographs 
depict  presettlement  conditions.  But,  several  scenes  were 
taken  during  the  early  stages  of  settlement  when  human 
impacts  were  minimal.  Post- 1900  scenes  reflect  human 
impacts,  especially  the  effect  of  livestock  grazing  and  in 
some  instances  logging,  mining,  and  road  construction. 


Table  1.— Identifiable  fire  group  or  vegetative  type  in  photographs 


Plate 
No. 


Primary 
fire  group 


Secondary 
fire  group 


Location 


Township 

range  and 

section 

Region 

3  S 

35  E    34 

Southeast 

3  S 

35  E    17 

Southeast 

13  N 

36  E    16 

South-Central 

8  S 

9  W  19 

South-Central 

16  N 

43  E    33 

South-Central 

6  S 

3  W  22 

South-Central 

8  S 

11  W     6 

South-Central 

11  N 

2  W  13 

North-Central 

10  N 

1   E      3 

North-Central 

3  S 

1  E      2 

South-Central 

6  S 

30  E      8 

Southeast 

6  S 

3  W     7 

South-Central 

7  S 

4  W    8 

South-Central 

2  S 

13  E    32 

South-Central 

22  N 

8  W  16 

North-Central 

21  N 

8  W    6 

North-Central 

32  N 

13  W  16 

North-Central 

4  S 

1  W    2 

South-Central 

11  S 

7  W     1 

South-Central 

8  S 

103  W  17 

South-Central 

18  N 

24  W     7 

West-Side 

18  N 

3  W  28 

North-Central 

1  N 

58  E   30 

Southeast 

1  N 

58  E   29 

Southeast 

4  N 

21  W  30 

West-Side 

1  N 

19  W    8 

West-Side 

12  N 

2  W  16 

North-Central 

12  N 

1  W  15 

North-Central 

11  N 

1  E    31 

North-Central 

11  N 

2  E    20 

North-Central 

6  N 

1  W     1 

North-Central 

16  N 

20  E      1 

North-Central 

2  S 

6  E    10 

South-Central 

18  N 

7  W  32 

North-Central 

25  N 

8  W  32 

North-Central 

12  N 

3  E    12 

North-Central 

27  N 

17  W  24 

South-Central 

6  N 

14  W  11 

South-Central 

6  N 

14  W     1 

South-Central 

8  S 

11  W     8 

South-Central 

12  S 

35  E    15 

South-Central 

9  S 

3  W  28 

South-Central 

4  S 

5  W  27 

South-Central 

6  S 

3  W  35 

South-Central 

14  S 

2  E      1 

South-Central 

3  S 

6  E   36 

South-Central 

3  S 

9  E    11 

South-Central 

3  S 

10  E    17 

South-Central 

83 
84 
53 
50 

58 
67 
49 
31 
33 
70 
82 
66 
64 
80 

19 
21 
17 
69 

55 
81 


7 
27 
85 


86 

12 
13 
29 
30 
32 
34 
35 
43 
76 

26 
18 
37 
47 

14 
15 
48 
54 
63 

65 
68 

59 
75 
78 
79 


Sagebrush/grass 


Mahogany 


Juniper 


Group  1:  Dry 
limber  pine 


Group  2:  Warm- 
dry  ponderosa 
pine 


Group  3:  Warm- 
moist  ponderosa 
pine 

Group  4:  Warm 
dry  Douglas-fir 


Group  5:  Cool 
dry  Douglas-fir 


Aspen 
Riparian 

Group  1 


Group  2 


Groups  5  and  6 
Groups  5  and  6 


Aspen 

Grassland  and 
Group  6 

Riparian 

Grassland 

Sagebrush/grass 

Sagebrush/grass 

and  Group  6 

Riparian 


Group  6 
Group  6 


Reno  Crossing 
Custer  Battlefield 
Pleasant  Valley 
Rattlesnake  Cliffs 
Henrys  Lake- 

Wildrose  River 
Boothill-Virginia  City 
Bannack  City 
Trout  Creek 
Hellgate  Canyon 
Madison  River 
Big  Horn  River 
Lower  Alder  Gulch 
Ruby  Dam 
Coal  Mine  Rims 

North  of  Sun  River 
Castle  Reef-Sun  River 
Two  Medicine  Lake 
Bradley  Creek 
Prices  Canyon 
Rocky  Creek 


Clark  Fork  River 
Sullivan  Hill 
Ekalaka  Hills 


Lantis  Sawmill 

Lick  Creek 
Wetzsteon's 
Beaver  Creek 
Soup  Creek 
Magpie  Creek 
Whites  Gulch 
Hassel,  Mont. 
Fort  Maginnis 
Fort  Ellis 

Dearborn  River 
Teton  River 
Haystack  Springs 
Bighole  Battlefield 

Fred  Burr  Creek 
Dirty  Dick  Gulch 
Bannack  Dredge 
Blacktail  Deer  Creek 
Lewis  Creek  Bench 

Sheridan 

Upper  Alder  Gulch 

Henrys  Lake- 

Staley's  Springs 
Mystic  Lake 
Yellowstone  River 
Suce  Creek 


(con.) 


Table  1. 

(con.) 

Township 

Plate 

Pri 

mary 

Secondary 

range  and 

No. 

fi 

e 

group 

fire  group 

Location 

section 

Region 

Group 

6 

Moist 

6 

Dougl 

as 

•fir 

Group  4 

Thompson  River 

21  N 

28  W     5 

West-Side 

11 

Evaro  Hill 

15  N 

20  W  26 

West-Side 

8 

Riparian 

Daphnia  Pond 

26  N 

19  W  18 

West-Side 

25 

Aspen 

Dearborn  River- 
Bean  Ranch 
Smith  Creek- 

18  N 

7  W  24 

North-Central 

23 

Grassland 

Crown  Mountain 
Smith  Creek- 

19  N 

8  W  17 

North-Central 

24 

Cynide  Mountain 
Sun  River 

19  N 

8  W  17 

North-Central 

20 

Game  Range 
Home  Gulch- 

21  N 

8  W    6 

North-Central 

22 

Sun  River 

24  N 

9  W  36 

North-Central 

28 

Group 

6 

Moist 

Marysville 

12  N 

6  W  36 

North-Central 

71 

Dougl. 

is 

fir 

Group  5, 

Elkhorn 

6  N 

3  W  14 

South-Central 

38 

sagebrush/grass 
Sagebrush/grass, 

Smith  River 

15  N 

3  E      1 

North-Central 

41 

riparian,  aspen 

Sheep  Creek 

12  N 

7  E    12 

North-Central 

40 

Belt  Creek  Ranger  Station 

14  N 

7  E      1 

North-Central 

39 

Monarch  Canyon 

16  N 

7  E    27 

North-Central 

36 

Sagebrush/grass 

Castle,  Mont. 

8  N 

8  E   24 

North-Central 

42 

Groups  2  and  5 

Yogo  Gulch 

13  N 

11  E    21 

North-Central 

44 

Blake  Creek,  distance 

11  N 

18  E      7 

North-Central 

45 

Blake  Creek,  close-up 

11  N 

18  E      7 

North-Central 

46 

Half  Moon  Pass 

11  N 

19  E      4 

North  Central 

16 

Sagebrush/grass, 

South  of  Philipsburg 

8  N 

13  W  19 

South-Central 

51 

Group  5,  aspen 

Snowline-Lima  Peaks 

14  S 

34  E    20 

South-Central 

52 

Sagebrush/grass 
Sagebrush/grass, 

Deep  Creek 

14  N 

33  E      1 

South-Central 

56 

aspen 

Redrock  Pass 

15  N 

42  E    28 

South-Central 

57 

Sagebrush/grass 

Sawtell  Peak 

14  S 

42  E    15 

South-Central 

60 

Aspen 

Papoose  Creek 

11  S 

42  E      6 

South-Central 

61 

Bear  Creek 

8  S 

1  E    12 

South-Central 

62 

Riparian 

Romy  Lake 

8S 

3  W  26 

South-Central 

72 

Group  5 

Madison  Canyon 

11  S 

3  E    15 

South-Central 

73 

Sagebrush/grass, 

Squaw  Creek 

4  S 

4  E    34 

South-Central 

74 

aspen 

Spanish  Creek 

4  S 

3  E    21 

South-Central 

7  7 

Group 
lower 

9 

SI 

Moist 
balpine 

Bozeman  Pass 

2  S 

7  E    20 

South-Central 

2 

fir 

Granite  Peak 

42  N 

8  E      4 

West-Side 

9 

Hungry  Horse 
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THE  PHOTO  RECORD 

Photographs  in  this  report  fall  within  four  geographic 
subdivisions  of  Montana  and  Idaho  that  have  been 
designated  "Regions"  (fig.  1).  The  Idaho  photos  repre- 
sent a  small  area  contiguous  with  western  Montana. 
These  subdivisions  are  an  adaptation  from  Arno's  (1979) 
"Forest  Regions"  of  Montana,  and  the  following  descrip- 
tions follow  that  reference.  Forest  regions  were 
developed  to  correlate  the  influence  of  climate  and 
general  topography  on  forest  vegetation.  The  broad  sub- 
divisions in  this  report  provide  an  insight  on  the  climate, 
topography,  kinds  of  vegetation,  and  the  past  influence 
of  fire  on  vegetation.  Interpretation  of  fire's  influence  on 
vegetation  has  been  facilitated  by  reference  to  fire 
groups  (appendix  I).  This  has  allowed  discussion  of  fire 
in  the  context  of  differing  fire  environments. 

West-Side  Region 

The  West-Side  Region  is  represented  by  plates  1-16 
(fig.  2).  This  predominantly  forested  landscape  of  moun- 
tains and  valleys  includes  all  of  western  Montana  in  the 
Columbia  River  watershed,  except  the  Little  Blackfoot 
and  upper  Clark  Fork  Rivers.  The  upper  watersheds  of 
the  Coeur  d'Alene,  St.  Joe,  and  Clearwater  Rivers  in 
Idaho  are  also  included  in  this  region. 

Northern  Idaho  and  the  northern  portion  of  the  West- 
Side  in  Montana  are  strongly  influenced  by  maritime  air- 
masses  that  provide  abundant  rain  and  snow.  The 
mildest  conditions  are  generally  associated  with  the 
Coeur  d'Alene,  St.  Joe,  and  Clearwater  drainages  in 
Idaho  and  the  Kootenai  drainage  in  Montana.  Pacific  air- 
masses  also  influence  the  southern  portion  of  the  West- 
Side,  but  are  weaker  there  and  thus  conditions  are  drier. 
Except  for  midsummer,  cloudy  weather  prevails  much  of 
the  time  on  the  West-Side. 


Forest  vegetation  is  more  diverse  than  in  other  regions 
because  of  marked  topographic  and  climatic  differences. 
Many  Pacific  Coast  species  are  present.  Moist  habitat 
types  (h.t.'s)  (Fire  Groups  9  and  11)  predominate  in 
northern  Idaho  and  on  some  north  exposures  and  canyon 
bottoms  in  western  Montana.  Fire  history  studies  in 
these  types  suggest  presettlement  mean  fire  intervals  of 
50  to  250  years  on  a  given  site  (Arno  and  Davis  1980; 
Sneck  1977).  Westerly  exposures  in  certain  areas  of  nor- 
thern Idaho  burned  at  more  frequent  intervals  (Barrett 
1982).  Fires  in  Fire  Groups  9  and  11,  burning  under  ex- 
treme conditions,  consumed  tens  of  thousands  of  acres 
during  the  period  1889-1934.  Examples  of  this  are 
shown  in  plates  1,  2,  and  10.  Some  were  repeat  burns 
that  consumed  standing  dead  fire-killed  trees  resulting 
from  previous  fires.  On  many  sites  these  multiple  burns 
retarded  regeneration  of  conifers  and  resulted  in  shrub- 
fields  that  have  persisted  for  many  decades  (plate  1).  To- 
day, most  of  these  burns  are  patchily  stocked  with 
young  conifers.  Herbaceous  plants  and  shrubs  in  the 
understory  have  deteriorated  because  of  senescence 
brought  on  by  shading  and  competition  from  conifers. 

An  abundance  of  ponderosa  pine  (Pacific  form, 
Ponderosa  ponderosa  var.  ponderosa)  and  larch  is  found 
east  of  the  Bitterroot  Range  (Montana-Idaho  divide),  a 
land  mass  that  constitutes  a  significant  barrier  to 
Pacific  Coast  moisture.  Here  in  Fire  Groups  2,  4,  5,  and 
6,  Douglas-fir  is  the  indicated  climax  species  as  well  as  a 
vigorous  member  of  most  serai  communities.  Fire  Group 
6  h.t.'s  burned  more  frequently  than  the  generally  more 
moist  forests  of  north  Idaho.  Many  of  these  fires  were  of 
light  to  moderate  severity  and  did  little  damage  to 
overstory  trees.  Some  fires  were  hot  and  killed  the 
overstory  in  large  areas.  Stand-replacing  fires  occurred 
infrequently  on  moist  sites  because  fuels  only  dried  out 
under  extreme  weather  conditions.  Abundant  serai  shrub 
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Figure  1.— The  four  regions  in  Montana  and  Idaho  study  area. 
National  Forests  are  shaded.  (Modified  from  Arno  1979.) 
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Figure  2.— West-Side  Region. 


vegetation  that  historically  occupied  these  sites  has  been 
largely  replaced  by  dense  stands  of  conifers  (plates  6  and 
8).  Logging  slash  and  buildup  of  dead  and  living  fuels 
following  settlement  also  resulted  in  stand  replacement 
fires.  These  fires  brought  about  rejuvenation  of  serai 
shrubs  that  are  now  declining  in  vigor  and  dying  out 
because  of  conifer  competition  (plate  lib). 

Considerable  areas  at  lower  elevations  are  occupied  by 
warm-dry  Douglas-fir  habitat  types  (Fire  Group  4). 
Before  European  settlement  these  habitat  types  were 
dominated  by  fire-maintained  ponderosa  pine.  This  pine 
type  was  susceptible  to  recurrent  fire  because  of  the 
heavy  annual  needle  cast  that  is  highly  flammable.  Fire 
history  studies  in  the  Bitterroot  Valley  have  shown  a 
presettlement  fire  periodicity  of  4  to  20  years  on  warm- 
dry  Douglas-fir  h.t.'s  (Arno  and  Peterson  1983).  Indian 
ignitions  apparently  accounted  for  many  of  these  early 
fires  (Barrett  1980;  Barrett  and  Arno  1982). 

Fires  on  these  low  elevation  pine  stands  reduced  fuels 
and  maintained  an  open  understory.  On  dry  h.t.'s  of 
limited  shrub  potential,  fire  enhanced  herbs  including 
pinegrass,  lupine,  and  arrowleaf  balsamroot,  but  sup- 
pressed shrubs  (plate  13).  Logging  disturbance  followed 
by  the  absence  of  fire  for  70  to  90  years  has  resulted  in 
regeneration  of  Douglas-fir  and  ponderosa  pine  (plate 
12).  The  net  effect  of  the  absence  of  fire  has  been 
widespread  proliferation  of  Douglas-fir  on  sites  that  were 


formerly  maintained  in  ponderosa  pine  (Gruell  and 
others  1982). 

The  West-Side  also  includes  widely  scattered  warm-dry 
ponderosa  pine  h.t.'s  (Fire  Group  2).  These  h.t.'s  are 
restricted  to  southerly  exposures  along  the  major  rivers, 
including  the  Jocko,  lower  Flathead,  Bitterroot,  and 
Clark  Fork.  They  were  formerly  occupied  by  open,  fire- 
maintained  ponderosa  pine  that  were  thinned  by  fre- 
quent ground  fire.  In  the  absence  of  fire,  ponderosa  pine 
has  regenerated  profusely  (plate  7). 

Cool-dry  Douglas-fir  h.t.'s  (Fire  Group  5)  are 
represented  near  the  eastern  border  of  the  region  where 
the  climate  is  heavily  influenced  by  continental-polar  air 
masses.  Here  Douglas-fir  forests  were  kept  open  by  fires 
that  swept  across  valley  grasslands  and  adjoining  grassy 
slopes.  Some  of  these  fires  were  ignited  by  Indians 
(Mullan  1861;  Phillips  1940;  Phillips  1957).  Livestock 
grazing  and  the  absence  of  fire  have  resulted  in  conifer 
encroachment  on  sites  that  were  formerly  grasslands 
with  scattered  trees  (plate  14)  and  in  canyons  (plate  15). 
Douglas-fir  and  lodgepole  pine  were  apparently  subjected 
to  stand-replacing  fires  when  burning  weather  was  ex- 
treme. This  set  the  stage  for  widespread  regeneration  of 
new  stands  during  the  later  1800's  (plate  16).  By  1935,  a 
large  portion  of  lodgepole  pine  stands  on  the  Deerlodge 
National  Forest  was  40  to  60  years  old  and  had  little 
dead  material  in  the  understories  (Lowell  unpublished). 


West-Side  Region  Plates 


Plate  la  (August  1941)  Fire  Group  11:  Redcedar/grand  fir.  Elevation  2,700  ft  (823  m) 

Looking  northeast  up  the  north  fork  of  the  Clearwater  River  from  the  outlet  of  Gilfillian  Creek.  Conifers 
and  shrubs  are  in  an  early  successional  stage  as  a  result  of  wildfires  in  1910  and  1919. 
USFS  photograph,  photographer  unknown. 


Plate  lb  (September  1,  1982)  41  years  later 

Camera  point  was  moved  about  30  feet  to  the  left  to  avoid  screening  trees,  while  other  trees  were  cut  to 

obtain  a  less  obstructed  view.  Conifers  now  dominate  slope  on  the  opposite  side  of  the  river,  while  far 

slopes  at  left  retain  shrub  dominance  except  for  localized  stands  of  conifers.  Some  of  these  conifers  were 

planted  in  the  1930's. 

Photograph  by  G.  E.  Gruell. 


Plate  2a  (1924)  Fire  Group  9:  Moist  lower  subalpine  fir.  Elevation  5,900  ft  (1  799  m) 

Looking  south  into  the  head  of  Timber  Creek,  a  tributary  of  the  St.  Joe  River.  Camera  point  is  on 
Granite  Mountain,  Red  Ives  Ranger  District,  Idaho  Panhandle  National  Forests.  Slopes  in  midground 
were  burned  in  1910.  Scene  shows  many  fire-killed  snags.  A  variety  of  shrubs  comprised  the  vegetative 
cover  during  this  early  stage  of  succession. 
USFS  photograph  190957  by  J.  A.  Larsen. 


Plate  2b  (September  15,  1981)  57  years  later 

Because  of  tree  growth,  camera  point  was  moved,  but  photo  approximates  original  coverage.  Most  snags 
in  earlier  photo  have  fallen  and  have  partially  decomposed.  Conifers  are  mainly  lodgepole  pine,  Douglas- 
fir,  subalpine  fir,  and  mountain  hemlock.  Understory  includes  beargrass,  grouse  whortleberry,  blue 
huckleberry,  smooth  menziesia,  willow,  and  snowberry. 
Photograph  by  G.  E.  Gruell. 
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Plate  3a  (1910) 


Elevation  3,300  ft  (1  006  m) 


Fire  Group  11:  Warm-moist  grand  fir,  western 
redcedar,  and  western  hemlock. 
Looking  west-northwest  over  Wallace,  Idaho,  just  before  the  1910  forest  fire  burned  the  northwest 
section  of  town.  Young  conifers  and  the  presence  of  snags  provide  evidence  of  wildfire  in  earlier  years. 
Barnard-Stockbridge  photograph;  courtesy  of  Idaho  State  Historical  Society. 


Plate  3b  (July  1,  1980)  70  years  later 

Douglas-fir  regeneration  screens  part  of  the  original  view.  Douglas-fir  have  filled  in  most  of  the  openings 

on  the  distant  slopes.  Understory  vegetation  on  the  southeast-facing  slopes  directly  behind  town  includes 

many  shrubs  such  as  willow,  mountain  maple,  and  ninebark. 

Photograph  by  W.  J.  Reich. 


Plate  4a  (1897)  Fire  Group  11:  Warm-moist  grand  fir,  western  Elevation  2,800  ft  (854  m) 

redcedar,  and  western  hemlock. 
Looking  west-southwest  down  Prichard  Creek  from  mouth  of  Dream  Gulch.  Location  is  west  of  Murray, 
Idaho,  on  the  Wallace  Ranger  District.  Cottonwood,  willow,  and  other  deciduous  trees  and  shrubs 
predominate  following  wildfire  and  cutting  of  timber  for  mining  purposes. 
Barnard-Stockbridge  Photograph;  courtesy  of  Idaho  State  Historical  Society. 


Plate  4b  (June  30,  1980)  83  years  later 

Highway  construction  altered  landscape  in  foreground.  Camera  point  is  approximate.  Cottonwood  and 
conifer  regeneration  screens  view  of  Prichard  Creek.  Distant  slope  at  right  is  now  covered  by  Douglas- 
fir. 

Photograph  by  W.  J.  Reich. 
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Plate  5a  (1897)  Fire  Group  11:  Warm-moist  grand  fir,  western  Elevation  3,300  ft  (1  006  m) 

redcedar,  and  western  hemlock. 
Camera  faces  northeast  across  Prichard  Creek  into  Reeder  Gulch  near  Murray,  Idaho,  on  Wallace 
Ranger  District.  The  vegetative  cover  on  slopes  is  in  an  early  succession  stage  following  wildfire  and 
cutting  of  timber. 
Barnard-Stockbridge  photograph;  courtesy  of  Idaho  State  Historical  Society. 
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Plate  5b  (July  1,  1980)  83  years  later 

Growth  of  conifers  necessitated  placement  of  camera  at  lower  position.  A  road  now  runs  along  the 
Prichard  Creek  bottom.  Increased  cover  of  conifers  is  typical  of  postfire  succession  in  northern  Idaho. 
Photograph  by  W.  J.  Reich. 
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Plate  6a  (July  9,  1928)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  2,500  ft  (762  m) 

Looking  west-northwest  up  Goat  Creek  from  the  H.  J.  Corley  homestead  2  miles  above  the  mouth  of  the 

Thompson  River  in  Montana.  Slopes  behind  homestead  apparently  burned  in  1910.  Scattered  stumps 

suggest  that  light  cutting  had  also  occurred. 

USGS  photograph  1924  by  W.  C.  Alden. 
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Plate  6b  (September  9,  1981)  53  years  later 

State  Highway  200  now  runs  through  foreground.  Closure  of  Douglas-fir  and  ponderosa  pine  forest 
canopy  on  slope  at  left  has  resulted  in  decline  in  condition  of  deciduous  shrubs  including  mountain 
maple,  chokecherry,  and  willow.  Conifer  densities  have  increased  on  rocky  southwest-facing  slope 
(opposite),  but  not  as  dramatically  because  of  dry  rocky  site  conditions.  Widely  spaced  stumps  and 
remnants  of  snags  indicate  that  presettlement  conifer  stands  were  quite  open  in  this  locality. 
Photograph  by  G.  E.  Gruell. 
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Plate  7a  (July  5,  1928)  Fire  Group  2:  Warm-dry  Douglas-fir.  Elevation  2,800  ft  (854  m) 

Camera  faces  north-northwest  toward  Knowles  Creek,  a  tributary  to  the  Clark  Fork  River  about  6.5 
miles  west  of  Perma  on  State  Highway  200.  Ponderosa  pine  and  Douglas-fir  in  foreground  had 
regenerated  after  wildfire.  Some  cutting  had  also  occurred.  Distant  southerly  exposures  support  an  open 
stand  of  ponderosa  pine  and  Douglas-fir.  Antelope  bitterbrush  comprises  predominate  shrub  cover  on 
alluvial  fan. 
USGS  photograph  1915  by  W.  C.  Alden. 
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Plate  7b  (September  15,  1981)  53  years  later 

Dense  conifer  growth  made  it  necessary  to  move  camera  several  hundred  yards  to  an  elevated  position. 
Widely  scattered  stumps  in  midground  (some  showing  scars  from  eight  different  fires)  showed  that  fre- 
quent fires  kept  presettlement  stands  very  open  on  the  south  side  of  the  Clark  Fork  River.  The  drier 
distant  slopes  show  a  slower  increase  in  conifer  density.  Logging  has  also  restricted  conifer  development. 
Heavy  livestock  use  has  apparently  been  a  factor  in  reducing  bitterbrush  cover  on  the  alluvial  fan. 

Photograph  by  G.  E.  Gruell. 
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Plate  8a  (1902)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  3,100  ft  (945  m) 

Camera  faces  north  toward  Daphnia  Pond  and  Swan  Range  on  the  east  side  of  Flathead  Lake,  3  miles 

north  of  Woods  Bay.  Snags  attest  to  a  fire  in  the  late  1800's  that  killed  most  of  the  coniferous  forest 

around  the  pond.  Removal  of  conifers  stimulated  heavy  growth  of  herbs  and  shrubs. 

Photograph  by  M.  J.  Elrod,  courtesy  University  of  Montana  Archives  and  Special  Collections. 
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Plate  8b  (September  28,  1981)  79  years  later 

Fall  haze  obscures  Swan  Range  in  distance.  Cattail  growth  now  obscures  pond  surface.  Dense  conifers 
including  ponderosa  pine,  Douglas-fir,  larch,  and  spruce  have  regenerated  on  near  slope  at  right.  Cotton- 
wood and  dogwood  flourish  along  pond  edge,  while  shade-intolerant  shrubs  are  on  the  decline  beneath 
the  conifer  canopy. 

Photograph  by  G.  E.  Gruell. 
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Plate  9a  (August  24,  1935)  Fire  Group  9:  Moist  lower  subalpine  fir.  Elevation  6,400  ft  (1  951  m) 

Looking  southwest  toward  Columbia  Mountain  (left)  and  Teakettle  Mountain  (right)  from  fire  lookout 
tower  on  Desert  Mountain,  Coram  Experimental  Forest,  Flathead  National  Forest.  Scene  shows  mosaic 
of  burned  and  unburned  terrain  following  an  intense  wildfire  that  swept  the  valley  between  Columbia 
Falls  and  Lake  McDonald  on  August  14-17,  1929. 
USDI  photograph  by  E.  Bloom. 


Plate  9b  (August  28,  1981)  46  years  later 

Photograph  taken  from  ground  level  through  haze  caused  by  wildfires.  Valley  floor  and  mountains  in 

distance  are  now  largely  covered  by  dense  stands  of  lodgepole  pine  and  Douglas-fir. 

Photograph  by  G.  E.  Gruell. 
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Plate  10a  (August  24,  1935)  Fire  Group  9:  Moist  lower  subalpine  fir.  Elevation  6,400  ft  (1  951  m) 

From  Belton  Point  the  view  is  northwest  toward  Flathead  River  and  Apgar  Mountain  at  left  center. 
This  scene  shows  the  northern  extension  of  August  14-17,  1929,  fire  pictured  in  previous  plate.  This  fire 
literally  denuded  sites  such  as  those  adjacent  to  Halfmoon  Lake  (left  center)  and  Lake  McDonald  (upper 
right).  Many  conifers  survived  the  fire  (below)  where  fuels  were  discontinuous. 
USDI  photograph  by  E.  Bloom. 


Plate  10b  (August  28,  1981)  46  years  later 

Valley  bottom  and  adjacent  slopes  in  distance  are  now  densely  covered  by  lodgepole  pine,  Douglas-fir, 

subalpine  fir,  spruce,  and  larch.  The  rich  subalpine  fir  habitat  types  in  this  valley  have  a  high  potential 

for  producing  an  assortment  of  deciduous  shrubs  and  trees  that  flourish  after  fire. 

Photograph  by  G.  E.  Gruell. 
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Plate  11a  (June  5,  1941)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  3,900  ft  (1  889  m) 

Camera  faces  east-northeast  across  Evaro  Hill  toward  the  Jocko  Mountains  from  a  point  0.5  miles  below 
Evaro,  Mont.  Shrub  cover  on  near  slope  regenerated  following  a  1919  wildfire.  Conifer  regeneration 
includes  ponderosa  pine,  Douglas- fir,  western  larch,  and  lodgepole  pine. 
Photograph  courtesy  W.  R.  McGee;  W.  R.  McGee  photographer. 


Plate  lib  (October  5,  1979)  38  years  later 

Camera  was  offset  approximately  300  feet  south  and  200  feet  above  original  position  to  avoid  screening 

conifers.  Slope  is  now  covered  by  a  dense  stand  of  conifers  dominated  by  Douglas-fir.  Shrub  understory 

includes  ninebark,  snowberry,  willow,  mountain  maple,  white  spiraea,  and  pinegrass. 

Photograph  by  W.  J.  Reich. 
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Plate  12a  (1909)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,400  ft  (1  341  m) 

A  northwesterly  view  showing  cleanup  operations  on  the  Lick  Creek  timber  sale,  Bitterroot  National 
Forest  near  Como  Lake  (see  Gruell  and  others  1982  for  other  photo  comparisons  in  this  locality).  The 
number  of  stumps  and  slash  piles  suggests  that  this  was  an  open  ponderosa  pine  stand,  a  condition 
typical  of  the  Bitterroot  Valley  where  stands  had  been  subjected  to  frequent  ground  fires.  Fire  scar 
samples  showed  a  mean  fire  interval  of  7  years  between  1600  and  1900  (Gruell  and  others  1982).  The 
understory  appears  to  have  a  high  incidence  of  lupine,  but  few  shrubs  are  evident.  Forest  Service 
"lumberman"  C.  H.  Gregory  stands  in  foreground. 
USFS  photograph  86476  by  W.  J.  Lubken. 


Plate  12b  (September  1979)  70  years  later 

Camera  point  replicated  original  position.  Soil  disturbance  during  logging  and  exclusion  of  wildfire 

allowed  ponderosa  pine  and  Douglas-fir  seedlings  to  become  established  and  develop  into  a  dense 

understory.  The  large  ponderosa  pine  in  center-foreground  in  the  1909  view  as  well  as  others  were  cut 

during  shelterwood  and  selection  harvests  in  1952  and  1962. 

Photograph  by  W.  J.  Reich. 
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Plate  13a  (ca.  1895)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,400  ft  (1  341  m) 

Looking  west  at  the  Jake  Wetzsteon  residence  in  Ross'  Hole  0.7  miles  north  of  Highway  472-State 
Highway  93  junction.  The  drier  southwest-facing  slope  on  right  is  a  ponderosa  pine  climax  site.  Peren- 
nial grasses  predominate  in  understory.  The  cooler  Douglas-fir  climax  northeast  slope  and  draw  support 
more  conifers.  The  absence  of  fire  for  several  decades  has  allowed  regeneration  of  ponderosa  pine  and 
Douglas-fir. 

Photograph  courtesy  Darby  Historical  Society. 


Plate  13b  (June  17,  1980)  About  85  years  later 

New  road  alignment  necessitated  placement  of  camera  at  lower  position.  Fire  exclusion  and  no  logging 

have  allowed  unrestricted  development  of  conifers.  Fire  scar  sampling  of  ponderosa  pine  in  this  locality 

(Arno  1976)  showed  a  mean  fire  interval  of  10  years  prior  to  settlement. 

Photograph  by  G.  E.  Gruell. 
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Plate  14a  (ca.  1906-08)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,500  ft  (1  677  m) 

Looking  east  toward  Flint  Creek  Range  from  bench  between  Fred  Burr  Creek  and  Summer  Gulch. 
Grassland  in  foreground  and  midground  has  been  grazed  heavily  by  livestock.  Douglas-fir  are 
regenerating  on  moraine  in  midground.  Fire  mosaics  are  evident  in  distance. 
USGS  photograph  14  by  F.  C.  Calkins. 


■ 

Plate  14b  (July  21,  1981)  About  73  to  75  years  later 

Perennial  grasses  had  not  been  utilized  by  livestock  as  of  July  21,  1981.  Dense  Douglas-fir  now  occupy 
the  formerly  open  moraine  in  midground.  Dense  lodgepole  pine  and  Douglas-fir  cover  distant  slopes. 
Photograph  by  G.  E.  Gruell. 
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Plate  15a  (ca.  1906-08)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,600  ft  (1  707  m) 

The  camera  faces  west  down  Dirty  Dick  Gulch  approximately  2  miles  north  of  Philipsburg,  Mont. 

Ground  cover  on  south-facing  slope  on  right  is  predominantly  bluebunch  wheatgrass.  A  few  Douglas-fir 

and  Rocky  Mountain  juniper  have  regenerated  on  the  south  slope,  while  the  north  slope  is  occupied  by 

an  open  stand  of  Douglas-fir. 

USGS  photograph  98  by  F.  C.  Calkins. 


Plate  15b  (July  21,  1981)  About  73  to  75  years  later 

Production  of  bluebunch  wheatgrass  has  declined  because  of  encroachment  of  Douglas-fir  and  Rocky 

Mountain  juniper.  A  dense  Douglas-fir  stand  now  occupies  canyon  bottom  and  north  slope.  Conifers 

have  increased  in  density  in  background. 

Photograph  by  G.  E.  Gruell. 
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Plate  16a  (ca.  1906-08)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,000  ft  (1  524  m) 

Looking  northeast  from  point  now  occupied  by  U.S.  Highway  10A,  8  miles  northeast  of  Philipsburg, 
Mont.  Deciduous  shrubs,  herbs,  and  young  aspen  are  evident  in  foreground  and  midground.  Conifers  on 
benchlands  include  Douglas-fir,  ponderosa  pine,  lodgepole  pine,  and  Rocky  Mountain  juniper.  Open  slope 
in  distance  was  swept  by  a  crown  fire  around  the  turn  of  the  century. 
USGS  photograph  29  by  F.  C.  Calkins. 


Plate  16b  (July  21,  1981)  About  73  to  75  years  later 

Except  for  the  portion  of  clearcut  visible  at  right  midground,  the  landscape  above  highway  right-of-way 

is  now  covered  by  a  dense  stand  of  conifers  dominated  by  Douglas-fir.  Aspen  have  matured  along  edge 

of  conifers,  while  those  in  competition  with  conifers  are  dying  out.  Shrubs,  including  buffaloberry  and 

snowberry,  are  also  deteriorating. 

Photograph  by  G.  E.  Gruell. 
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North-Central  Region 

This  region  is  mostly  Great  Plains  prairie,  but  also  in- 
cludes the  east  slope  of  the  Rockies  and  some  isolated 
mountain  ranges.  Plates  17-46  are  located  in  the  North- 
Central  Region  (fig.  3).  It  includes  the  Blackfoot  Indian 
Reservation,  the  Helena  National  Forest  east  of  the  Con- 
tinental Divide,  and  the  Lewis  and  Clark  National 
Forest.  It  extends  east  from  the  Rocky  Mountain  Front 
to  the  Missouri  River  Breaks  and  north  to  the  Canadian 
border. 

The  northern  portion  of  this  region  is  influenced  by  a 
severe  continental  climate— arctic  air  masses  and  desic- 
cating winds  in  winter  (Arno  1979).  The  vegetation  has 
mostly  a  prairie  grassland  potential  that  is  broken  by  in- 
termittent hills  or  a  few  isolated  mountains.  Forest 
vegetation  is  largely  confined  to  the  east  slope  of  the 
Rockies.  Douglas-fir  and  subalpine  fir  h.t.'s  predominate 
here,  while  ponderosa  pine  (Rocky  Mountain  form, 
Ponderosa  ponderosa  var.  scopulorum)  is  apparently  ab- 
sent because  of  the  severe  climate.  Limber  pine  occupies 
the  lower  elevations  and  extends  eastward  through  the 
foothills  to  the  edge  of  the  Great  Plains.  Soil  and 
moisture  conditions  for  aspen  and  other  deciduous  trees 
and  shrubs  are  ideal  along  the  Rocky  Mountain  Front. 
The  most  extensive  aspen  stands  in  Montana  are  located 
on  the  Blackfoot  Indian  Reservation  and  the  east  side  of 
Glacier  Park  (Lynch  1955). 

To  the  south,  climatic  conditions  are  less  severe.  This 
part  of  the  region  is  more  mountainous,  but  the  land- 
scape is  broken  by  extensive  low-lying  valleys.  Forests 


extend  from  valley  base  levels  or  from  lower  timberlines 
on  the  principal  mountain  ranges  at  4,000  to  5,000  ft 
(1  200  m  to  1  524  m)  and  cover  all  but  the  highest 
peaks.  Ponderosa  pine  occupy  dry  sites  in  the  valleys,  on 
the  lower  mountain  slopes,  and  in  the  Missouri  River 
Breaks.  Limber  pine  and  Rocky  Mountain  juniper  grow 
independent  of,  and  in  association  with,  ponderosa  pine 
on  dry  sites.  Douglas-fir  is  widely  distributed  from 
4,000  ft  (1  220  m)  up  to  about  6,500  ft  (1  982  m).  Exten- 
sive stands  of  lodgepole  pine  occur  between  5,500  ft 
(1  677  m)  and  8,000  ft  (2  439  m).  Subalpine  fir  and 
Engelmann  spruce  are  present  on  moist  sites. 

Photo  interpretation,  field  inspection,  and  early  nar- 
ratives suggest  that,  prior  to  European  settlement,  the 
combination  of  abundant  grass  cover,  extreme  fire 
weather,  and  Indian  and  lightning  ignitions  predisposed 
the  North-Central  Region  to  recurrent  wildfires  (Moore 
1972).  Disturbance  to  vegetation  continued  for  several 
decades  following  settlement.  For  example,  Leiberg 
(1904)  reports  heavy  cutting  of  trees  for  fuel  and  mining 
needs  at  various  locations  in  the  Little  Belt  Mountains. 
Wildfires  caused  by  miners  and  homesteaders  were  com- 
mon during  this  period. 

The  role  of  fire  in  limber  pine  (Fire  Group  1)  along  the 
Rocky  Mountain  Front  is  not  clearly  understood.  It  ap- 
pears that  the  dry,  windy  climate  and  presence  of  grassy 
fuels  combined  to  facilitate  frequent  wildfire.  An 
1889-99  survey  of  conditions  here  on  the  Flathead 
Forest  Reserve  (predecessor  of  the  Lewis  and  Clark  Na- 
tional Forest)  reported  extensive,  almost  continuous 
burns  on  the  foothills  along  the  east  slope  of  the  Rocky 
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Figure  3.— North-Central  Region. 
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Mountains  (Ayres  1901).  Ayres  estimated  that  the  latest 
of  these  fires  (1889)  covered  about  530  square  miles. 
Photographic  evidence  a  few  miles  north  of  the  Sun 
River  suggests  that  foothills  were  formerly  a  grassland 
with  scattered  patches  of  limber  pine  (plate  19a).  Trees 
occurring  in  open  stands  and  groves  were  mostly 
restricted  to  ridges  and  rock  outcrops  where  fuels  were 
sparse.  Few  trees  occupied  sites  where  the  grassy  fuels 
were  sufficient  to  carry  fire.  The  absence  of  fire  for  90 
years  or  more  has  allowed  limber  pine  to  regenerate  on 
these  grassy  sites.  This  has  resulted  in  a  marked  in- 
crease in  tree  density  (plate  19b). 

There  is  abundant  evidence  of  past  fires  in  cool-dry 
and  moist  Douglas-fir  h.t.'s  (Fire  Groups  5  and  6,  respec- 
tively) on  the  lower  slopes  of  the  Rockies  both  on  and 
adjacent  to  the  Lewis  and  Clark  National  Forest.  The 
frequency  and  intensity  of  these  fires  varied. 
Photographic  evidence  and  on-site  inspection  suggests 
that  tree  cover  in  presettlement  times  was  sparse  on 
smooth,  unbroken  southerly  and  easterly  slopes  (plate 
23a).  Since  the  turn  of  the  century,  aspen  and  other 
deciduous  vegetation  that  had  regenerated  on  more  pro- 
ductive sites  following  stand-replacing  fires  have  reached 
advanced  stages  of  succession  (plates  18,  20,  and  25).  In 
the  absence  of  fire,  these  species  have  died  out  or  are 
deteriorating  where  conifer  canopies  have  closed. 

At  the  higher  elevations  (Fire  Groups  8  and  9)  fire  was 
evidently  less  frequent  on  north  slopes  and  canyon  bot- 
toms, which  received  abundant  moisture.  These  stands 
were  also  less  susceptible  to  fire  because  of  the  buffering 
effect  of  stream  courses  and  rocky  terrain  (plates  22,  23, 
and  24). 

Ponderosa  pine  dominated  areas  (Fire  Group  4)  in  the 
southeastern  part  of  this  region  show  evidence  of  fre- 
quent fire.  Here,  fire  inhibited  encroachment  of  trees  in- 
to grasslands  at  forest/grassland  ecotones  (plates  32,  43). 
These  fires  perpetuated  open  ponderosa  pine  stands 


where  grasses  had  a  competitive  advantage  over  fire- 
sensitive  shrubs  including  big  sagebrush,  curlleaf 
mountain-mahogany,  and  bitterbrush.  Mahogany  was 
largely  confined  to  rocky  sites  where  loss  from  fire  was 
unlikely  and  opportunities  for  regeneration  were  better. 
Since  about  the  turn  of  the  century,  mahogany  has  pro- 
liferated on  deeper  soils  that  formerly  were  exposed  to 
frequent  fire  (plates  31  and  33). 

Fire  played  a  major  role  in  successional  development 
of  Douglas-fir  climax  forests  that  are  interspersed  in  the 
extensive  grasslands.  Prior  to  the  introduction  of 
livestock,  these  areas  were  frequently  swept  by  prairie 
wildfires  (Havard  1878).  Fire  restricted  development  of 
Douglas-fir  forest  and  allowed  grasses  a  competitive  ad- 
vantage over  sagebrush.  It  appears  that  the  absence  of 
fire  has  resulted  in  significant  increases  in  Douglas-fir 
and  sagebrush  on  sites  having  a  sagebrush  potential 
(plates  35  and  36). 

Douglas-fir  on  cool-dry  and  moist  habitat  types  (Fire 
Groups  5  and  6,  respectively)  were  evidently  subjected 
to  surface  and  stand-replacement  fires  (plates  28,  44,  and 
46).  Plant  response  following  stand  replacing  fires  was 
optimal  on  sites  having  good  potential  for  herb  and 
shrub  growth  (plate  38a).  Shrub  production  was  lower  on 
sites  covered  by  thin  soils  (plate  45).  Coniferous  forest 
cover  now  dominates  sites  that  formerly  supported  tall 
shrubs  such  as  aspen,  willow,  chokecherry,  and  service- 
berry.  Shrub  condition  on  these  forested  sites  varies 
with  site  capability  and  amount  of  crown  closure  (plates 
37  and  40).  Where  tree  canopies  are  closed,  shrubs  are 
mostly  decadent. 

Lodgepole  pine  was  subjected  to  both  surface  and 
stand-replacing  fires  depending  upon  fuels,  fuel  moisture, 
and  fire  weather.  In  localities  where  aspen  was  serai  to 
lodgepole  pine,  fire  removed  the  competing  conifers  and 
allowed  regeneration  of  aspen  and  other  deciduous 
shrubs  (plates  37  and  41). 
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North-Central  Region  Plates 


Plate  17a  (July  6,  1921)  Fire  Group  1:  Dry  limber  pine.  Elevation  6,200  ft  (1  890  m) 

Camera  faces  east  from  a  position  on  Two  Medicine  Ridge  about  6  miles  northeast  of  East  Glacier, 
Mont.  The  many  snags  resulted  from  a  wildfire  in  1910.  Scattered  stumps  show  evidence  of  early  timber 
cutting.  Dark  tone  of  open  slopes  reflects  condition  of  herbaceous  vegetation  before  curing. 
USGS  photograph  1101  by  W.  C.  Alden. 
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Plate  17b  (September  27,  1981)  60  years  later 

Conifers  include  whitebark  pine,  lodgepole  pine,  subalpine  fir,  and  Douglas-fir.  The  dry  slopes  dominated 
by  perennial  grass  appear  unchanged.  Aspen  have  regenerated  on  deeper  soils  (lower  right)  that  sup- 
ported conifer  before  the  fire.  Aspen  stands  growing  in  association  with  conifer  (right  in  distance) 
regenerated  following  the  1910  wildfire. 
Photograph  by  G.  E.  Gruell. 
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Plate  18a  (July  19,  1899)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,100  ft  (1  555  m) 

Looking  south-southeast  across  the  south  fork  of  the  Teton  River  at  a  point  opposite  the  Circle  8  Guest 
Ranch  about  35  miles  west  of  Choteau,  Mont.  When  this  photograph  was  taken,  the  photographer  noted 
that  the  foothills  had  been  "repeatedly  overrun  by  fire."  Snags  are  well  distributed  over  the  landscape 
and  young  aspen  occupy  the  toe  of  the  slope.  The  valley  bottom  shows  signs  of  having  been  heavily 
grazed  by  domestic  livestock. 
Photograph  95-FRD-2068  by  H.  B.  Ayres,  courtesy  of  the  National  Archives. 
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Plate  18b  (September  8,  1981)  82  years  later 

Mature  aspen  stands  are  conspicuous  along  the  forest  ecotone.  Slopes  above  support  dense  conifer 
cover,  mostly  Douglas-fir.  Canopy  closure  has  resulted  in  loss  of  early  successional  herbs  and  shrubs. 
Photograph  by  R.  F.  Wall. 
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Plate  19a  (1900)  Fire  Group  1:  Dry  limber  pine.  Elevation  4,900  ft  (1  494  m) 

From  the  foothills  east  of  Castle  Reef  on  Rocky  Mountain  Front  the  view  is  south  across  an  open 

limber  pine  type  toward  Sawtooth  Ridge  on  Sun  River  Game  Range.  Limber  pine  is  largely  confined  to 

ridges  and  rocky  sites  where  fine  fuels  were  sparse.  Fire-scarred  snags  and  scarred  living  trees  indicate 

wildfires  had  a  significant  influence  on  this  landscape  prior  to  settlement.  Following  settlement,  trees 

were  lightly  harvested  in  the  immediate  area. 

USGS  photograph  663a  by  C.  D.  Walcott. 


Plate  19b  (September  17,  1981)  81  years  later 

Limber  pine  are  more  dense  along  ridges  and  have  become  established  on  concave  slopes  and 

bottomlands.  Distant  slopes  show  extent  of  conifer  regeneration  south  of  the  Sun  River  pictured 

in  plate  13b. 

Photograph  by  G.  E.  Gruell. 
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Plate  20a  (1909)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  4,600  ft  (1  402  m) 

Looking  south  from  a  point  that  today  is  just  outside  of  the  northwest  corner  of  the  Sun  River  Game 

Range.  Basin  and  adjacent  slopes  show  effects  of  past  wildfires  in  rejuvenating  aspen  and  influencing 

vegetative  mosaics.  Distant  northwest-facing  ridge  at  left  shows  evidence  of  having  been  swept  by  fire. 

Note  mature  Douglas-fir  stand  on  steep  north-facing  slope  (arrow)  that  did  not  burn. 

USFS  photograph,  photographer  unknown. 
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Plate  20b  (October  9,  1979)  70  years  later 

Nearest  ridge  at  right  is  now  largely  covered  by  Douglas-fir.  Aspen  stands  have  matured,  and  where 
competition  with  conifers  has  been  intense,  aspen  are  declining  in  condition  or  have  died  out.  Limber 
pine  regeneration  at  left  screens  view  of  distant  slope  that  supports  a  closed  stand  of  Douglas-fir. 
Photograph  by  W.  J.  Reich. 
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Plate  21a  (1909)  Fire  Group  1:  Dry  limber  pine.  Elevation  4,600  ft  (1  402  m) 

The  camera  faces  north  toward  the  Sun  River  Canyon  from  a  point  30  to  50  yards  north  of  previous 
camera  point.  Castle  Reef  is  at  left.  Conifers  in  midground  and  on  far  slopes  are  predominantly  limber 
pine.  A  large  aspen  stand  occupies  the  middle  portion  of  larger  draw  at  left  in  distance  (arrow). 
USFS  photograph;  photographer  unknown. 


Plate  21b  (October  10,  1979)  70  years  later 

Slopes  in  midground  and  in  distance  (left)  burned  in  1919.  Limber  pine  on  near  slope  were  thinned  by 
this  fire.  The  large  stand  of  limber  pine  at  upper  left  of  photo  also  burned  (closed  arrow).  This  fire  ap- 
parently carried  through  large  stand  of  aspen  in  distance  (open  arrow)  that  has  since  deteriorated. 
Photograph  by  W.  J.  Reich. 
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Plate  22a  (July  1899)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  4,800  ft  (1  463  m) 

Looking  south-southwest  across  the  Sun  River  toward  Home  Gulch  from  upper  ridge  in  Wagner  Basin. 
Effects  of  past  fires  are  shown  as  snags  in  foreground  and  on  lower  slope  at  left. 
Photograph  by  H.  B.  Ayres,  courtesy  of  the  National  Archives. 
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Plate  22b  (September  8,  1981)  82  years  later 

Dense  conifer  stands  now  occupy  much  of  the  area  that  was  formerly  open.  Note  particularly  the  band 

of  conifers  along  the  distant  ridge  at  right. 

Photograph  by  R.  F.  Wall. 
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Plate  23a  (1900)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,300  ft  (1  616  m) 

From  the  ridge  about  5  miles  west  of  Haystack  Butte,  the  view  is  southwest  across  Smith  Creek  toward 
Crown  Mountain  on  east  front  of  Rocky  Mountains,  Lewis  and  Clark  National  Forest.  Near  slopes  are  in 
early  succession  following  wildfire  in  latter  1800's  that  removed  conifers  and  stimulated  production  of 
aspen,  willow,  chokecherry,  mountain  maple,  and  other  deciduous  vegetation.  Stumps  resulting  from 
timber  cutting  and  snags  indicate  that  the  pre-1900  conifer  stands  were  less  dense  than  current  stands. 
USGS  photograph  665  by  C.  D.  Walcott. 


Plate  23b  (September  16,  1981)  81  years  later 

Slopes  below  camera  point  and  adjacent  terrain  as  well  as  near  slope  are  now  densely  covered  by 
Douglas-fir.  View  was  obtained  by  cutting  screening  fir  and  climbing  one  of  the  larger  Douglas-fir  about 
50  yards  from  original  camera  position  at  top  of  ridge.  Canopy  closure  has  resulted  in  a  decline  in  condi- 
tion of  deciduous  species. 
Photograph  by  G.  E.  Gruell. 
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Plate  24a  (1900)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,300  ft  (1  616  m) 

Looking  west-northwest  toward  Cyanide  Mountain  on  the  Wood  Canyon  drainage,  Rocky  Mountain 
Front,  from  a  point  approximately  50  yards  below  previous  plate.  Influence  of  wildfire  in  latter  1800's  is 
indicated  on  left  side  of  photo  and  on  Cyanide  Mountain  in  distance  by  presence  of  snags  and  early  suc- 
cessional  vegetation  including  aspen.  Grassy  slopes  on  right  are  apparently  too  dry  to  support  conifers. 
USGS  photograph  666  by  C.  D.  Walcott. 
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Plate  24b  (September  16,  1981)  81  years  later 

Camera  was  moved  about  100  yards  down  slope  from  original  position  to  avoid  trees  that  screened  view. 

Closure  of  Douglas-fir  canopy  (lower  left)  has  resulted  in  deterioration  of  aspen  and  associated  early  suc- 

cessional  plants.  Proliferation  of  conifers  is  apparent  in  distance. 

Photograph  by  G.  E.  Gruell. 
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Plate  25a  (1900)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  4,500  ft  (1  372  m) 

A  southeast  view  from  low  bluff  on  Wallace  Bean  Ranch.  Location  is  on  Dearborn  River  south  of 

Augusta,  Mont.  Snags  and  early  successional  aspen,  willow,  and  other  deciduous  vegetation  attest  to 

wildfire  in  latter  1800's. 

USGS  photograph  667  by  C.  D.  Walcott. 
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Plate  25b  (September  7,  1981)  81  years  later 

Cabin  in  1900  photo  is  no  longer  standing.  Drainage  bottom  in  midground  now  supports  mature  cotton- 
woods,  aspen,  and  willow.  Slopes  in  distance  that  were  formerly  open  are  now  largely  covered  by 
Douglas-fir.  Mature  aspen  stands  are  also  evident. 
Photograph  by  R.  E.  Wall. 
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Plate  26a  (July  10,  1921)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,000  ft  (1  524  m) 

Looking  northwest  across  the  Dearborn  River  toward  Steamboat  Mountain  from  a  point  approximately 
2.5  miles  west  of  what  is  now  the  Diamond  X  Ranch.  The  vegetation  on  near  slope  and  in  distance  is  in 
early  succession  following  wildfire  several  decades  earlier.  Conifers  surviving  this  fire  were  confined  to 
moist  sites  and  rocky  areas  where  fuels  were  sparse. 
USGS  photograph  1108  by  W.  C.  Alden. 


Plate  26b  (September  7,  1981)  60  years  later 

Camera  was  moved  backward  to  avoid  Douglas-fir  and  limber  pine  that  screened  original  view.  Scene 

shows  a  marked  change  in  tree  cover  on  the  deeper  soils.  Conifer  establishment  has  been  slow  on  the 

harsher  (rocky  and  dry)  sites. 

Photograph  by  R.  F.  Wall. 
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Plate  27a  (ca.  1920)  Fire  Group  2:  Warm-dry  ponderosa  pine.  Elevation  4,600  ft  (1  402  m) 

View  is  north-northeast  on  west  side  of  Sullivan  Hill  just  off  county  road  about  25  miles  west  of 
Cascade,  Mont.  Landscape  has  been  dusted  by  a  recent  snowfall.  The  slopes  are  essentially  a  grassland 
type  with  patches  of  shrubs.  The  predominant  conifers  are  limber  pine  on  ridges  at  right  and  ponderosa 
pine  on  the  left. 
Photograph  by  E.  Kopac,  courtesy  of  Library  of  Congress. 
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Plate  27b  (July  26,  1981)  About  61  years  later  Vegetative  changes  are  difficult  to  interpret.  Shrubs, 

including  willow  and  chokecherry,  have  deteriorated.  Ponderosa  pine  stands  have  matured  and  thickened, 
but  show  little  expansion  into  grasslands. 
Photograph  by  R.  F.  Wall. 
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Plate  28a  (1901)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,300  ft  (1  616  m) 

A  southeast  view  of  slope  just  outside  the  old  mining  town  of  Marysville,  Mont.  Railroad  tracks,  tail- 
ings, trails,  and  stumps  attest  to  intensity  of  mining  activity.  Widespread  occurrence  of  snags  and  the 
stage  of  understory  development  indicate  that  slopes  were  swept  by  a  wildfire  several  decades  earlier. 
USGS  photograph  95  by  R.  H.  Chapman. 
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Plate  28b  (July  24,  1981)  80  years  later 

Camera  position  is  somewhat  lower  and  to  the  left  of  original  position.  Nonetheless,  this  scene  shows  a 

dramatic  change  following  earlier  disturbances.  Various  deciduous  shrubs  and  trees  including  aspen, 

chokecherry,  willow,  and  rose  now  grow  on  sites  not  occupied  by  conifers.  The  predominant  conifer  is 

Douglas-fir. 

Photograph  by  R.  F.  Wall. 
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Plate  29a  (1900)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,000  ft  (1  220  m) 

The  camera  faces  due  south  across  Beaver  Creek  at  a  point  3.2  miles  downstream  from  Nelson,  Mont., 

on  Helena  Ranger  District.  Snags  and  size  of  young  conifers  indicate  that  the  slopes  were  swept  by  a 

crown  fire  in  the  late  1800's.  A  variety  of  herbs  and  shrubs  comprise  understory  vegetation. 

USGS  photograph  642  by  C.  D.  Walcott. 
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Plate  29b  (July  24,  1980)  80  years  later 

Douglas-fir  regenerated  following  the  late  1800's  fire.  Understory  vegetation,  including  mountain  maple, 
snowberry,  buffaloberry,  serviceberry,  and  currant,  has  since  deteriorated  as  a  result  of  crown  closure. 
Snags  at  center  and  right  of  photograph  resulted  from  a  small  wildfire  in  1968.  This  fire  caused  exten- 
sive regeneration  of  a  variety  of  shrubs  and  herbs^ 
Photograph  by  W.  J.  Reich. 
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Plate  30a  (1900)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,900  ft  (1  494  m) 

The  camera  faces  north  from  the  mouth  of  Soup  Creek  approximately  4  miles  above  the  Soup  Creek 

crossing  at  the  "old  Smith  Place,"  Big  Belt  Mountains,  Helena  Ranger  District.  This  area  was  severely 

burned,  apparently  by  the  large  wildfire  of  1875.  Shrubs  and  herbs  comprised  the  primary  vegetation 

during  this  early  stage  of  succession.  The  dark  shrubs  in  foreground  are  chokecherry.  Heavy  utilization 

by  livestock  is  evident. 

USGS  photograph  664  by  C.  D.  Walcott. 


Plate  30b  (July  25,  1980)  80  years  later 

Canyon  bottom  is  now  well  covered  by  vegetation  including  ponderosa  pine,  Douglas-fir,  Rocky 

Mountain  juniper,  chokecherry,  dogwood,  willow,  skunkbush,  mountain  maple,  ninebark,  and  mockorange. 

Herbaceous  vegetation  in  foreground  had  not  been  grazed  by  livestock  as  of  July  25. 

Photograph  by  W.  J.  Reich. 
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Plate  31a  (1872)  Mahogany  Fire  Group.  Elevation  3,900  ft  (1  889  m) 

Looking  northeast  at  the  Trout  Creek  narrows  below  York,  Mont.,  on  the  Helena  Ranger  District, 
Helena  National  Forest.  Flume  was  constructed  to  provide  water  for  hydraulic  mining  on  gravel  bars 
along  the  Missouri  River.  Shrubs  and  trees  on  the  steep,  rocky  faces  include  curlleaf  mountain- 
mahogany,  Rocky  Mountain  juniper,  ponderosa  pine,  and  Douglas-fir. 
USGS  photograph  HS-17  by  W.  H.  Jackson  courtesy  of  Montana  Historical  Society. 
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Plate  31b  (July  24,  1980)  108  years  later 

Flume  is  gone  and  a  road  now  occupies  most  of  canyon  bottom.  Young  conifers  in  rocks  at  upper  left  in 

the  1872  scene  were  removed  by  fire  or  cutting.  Curlleaf  mountain-mahogany  has  regenerated  on  deeper 

soils  and  grown  considerably.  Conifers  are  beginning  to  predominate  on  distant  slopes. 

Photograph  by  W.  J.  Reich. 
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Plate  32a  (ca.  1880)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,000  ft  (1  220  m) 

Looking  southwest  down  Magpie  Creek  0.2  miles  above  junction  with  State  Highway  284  east  of  the 
Canyon  Ferry  Reservoir.  Conifers  in  midground  are  in  an  early  successional  stage.  Deciduous  vegetation 
includes  skunkbush  in  foreground  and  Cottonwood.  Sagebrush  occupies  openings  and  the  flats  below. 
Tailings  at  right  are  evidence  of  earlier  placer  mining. 
Photograph  by  C.  E.  Dalton,  courtesy  University  of  Montana  Archives  and  Special  Collections. 
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Plate  32b  (July  25,  1980)  100  years  later 

Camera  was  moved  to  the  right  approximately  100  feet  to  higher  ground  to  avoid  conifers  that  com- 
pletely screen  the  original  view.  Today,  ponderosa  pine  predominates.  Rocky  Mountain  juniper  and  scat- 
tered Douglas-fir  are  also  present.  Sagebrush,  skunkbush,  and  perennial  grasses  dominate  the 
foreground. 
Photograph  by  W.  J.  Reich. 
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Plate  33a  (1872)  Mahogany  Fire  Group.  Elevation  4,400  ft  (1  341  m) 

A  northeast  view  at  the  mouth  of  Hellgate  Canyon,  Big  Belt  Mountains,  Helena  National  Forest.  Peren- 
nial grasses  comprise  primary  ground  cover  on  southerly  exposure  on  left.  Scattered  young  conifers  are 
also  evident.  Southwesterly  exposure  appears  to  be  largely  occupied  by  shrubs. 
USGS  photograph  993  by  W.  H.  Jackson. 
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Plate  33b  (July  30,  1981)  109  years  later 

Cover  on  southerly  exposure  has  increased  markedly  as  a  result  of  Douglas-fir  and  Rocky  Mountain 

juniper  regeneration.  Shrub  cover  including  curlleaf  mountain-mahogany  has  increased  on  southwesterly 

exposure. 

Photograph  by  R.  F.  Wall. 
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Plate  34a  (1898)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,500  ft  (1  372  m) 

A  view  due  east  up  Whites  Gulch  in  the  Big  Belt  Mountains  from  a  point  on  the  Helena  National 

Forest  boundary.  South  slope  on  left  has  been  intensively  grazed.  Deciduous  vegetation  including  alder, 

cottonwood,  aspen,  and  willow  dominate  along  stream  course.  Snags  on  northwest  slope  at  right  attest 

to  an  earlier  stand-destroying  fire.  The  growth  stage  of  Douglas-fir  on  this  slope  suggests  this  fire 

occurred  several  decades  earlier. 

USGS  photograph  531  by  C.  D.  Walcott. 


44 


Plate  34b  (July  26,  1980) 


82  years  later 

This  view  is  offset  approximately  50  feet  upslope  to  avoid  vegetation  that  screens  original  view.  Grass 
cover  in  foreground  had  not  been  grazed  by  livestock  as  of  July  26.  Canyon  bottom  now  supports  dense 
vegetation,  including  Douglas-fir.  Establishment  of  Douglas-fir,  Rocky  Mountain  juniper,  mountain  big 
sagebrush,  and  skunkbush  has  changed  the  appearance  of  the  south  slope.  The  northwest  slope  is  densely 
covered  by  Douglas-fir. 
Photograph  by  W.  J.  Reich. 
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Plate  35a  (ca.  1880)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  5,200  ft  (1  585  m) 

Looking  east-southeast  over  Hassel,  Mont.  This  site  is  on  Indian  Creek  west  of  Townsend  and  adjacent 
to  the  Helena  National  Forest.  Ground  cover  appears  to  be  predominantly  herbaceous  vegetation.  Scat- 
tered Rocky  Mountain  juniper  along  with  a  few  ponderosa  pines  and  limber  pines  occupy  the  more  rocky 
terrain  on  southerly  slope  at  left.  A  few  widely  scattered  conifers  can  be  seen  on  the  northerly  slope  at 
right.  Conifers  are  more  abundant  on  distant  slope. 
Photograph  courtesy  Montana  Historical  Society;  photographer  unknown. 


Plate  35b  (July  28,  1980)  About  100  years  later 

Past  mining  operations  have  drastically  altered  the  canyon  bottom.  Disturbed  dry  areas  are  now  thickly 
covered  by  mountain  big  sagebrush,  while  moist  sites  along  stream  course  support  willow,  aspen,  and 
cottonwood.  Rocky  Mountain  juniper  and  Douglas-fir  have  increased  greatly  on  the  formerly  open 
slopes.  Photograph  by  W.  J.  Reich. 
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Plate  36a  (1927)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,000  ft  (1  829  m) 

The  view  is  south-southeast  from  a  point  0.5  miles  south  of  Castle,  Mont.  Conifer  cover  is  primarily 

Douglas-fir.  Scattered  sagebrush  occupies  the  deep  soils  on  the  lower  slopes  at  left  and  in  foreground  at 

right.  Willows  predominate  along  stream  bank  below. 

USFS  photograph  220102  by  K.  D.  Swan. 


Plate  36b  (September  11,  1979)  52  years  later 

Douglas-fir  saplings  in  foreground  required  moving  camera  point  approximately  150  feet  below  original 

position.  Many  sites  that  were  formerly  open  are  now  occupied  by  Douglas-fir.  The  increased  tree  size 

and  density  of  stands  have  resulted  in  a  decline  in  early  successional  species  including  willow  and  aspen. 

Note  the  increase  in  sagebrush  at  right  foreground. 

Photograph  by  W.  J.  Reich. 
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Plate  37a  (1924)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,300  ft  (1  616  m) 

Looking  southwest  at  slopes  above  Haystack  Springs  in  Dry  Range,  Lewis  and  Clark  National  Forest. 

Snags  indicate  a  wildfire  that  occurred  in  1910.  The  cabin  pictured  was  constructed  in  1919  by 

A.  Watson  and  used  during  summer  months  as  a  base  for  sheep  grazing  operations.  Aspen  in  an  early 

growth  stage  is  evident  in  midground. 

USFS  photograph,  photographer  unknown. 


Plate  37b  (September  24,  1981)  57  years  later 

Camera  was  placed  approximately  50  yards  upslope  and  behind  the  original  position  to  avoid  aspen  that 

screen  original  view  (inset).  Aspen  have  regenerated  on  perimeter  of  original  stand  including  the  inside 

of  the  cabin,  which  has  lost  its  roof.  Slopes  above  cabin  are  mostly  covered  by  a  dense  Douglas-fir 

stand.  Where  canopies  have  closed,  aspen  and  willow  have  died  out. 

Photograph  by  G.  E.  Gruell. 
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Plate  38a  (1909)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  4,000  ft  (1  220  m) 

Looking  due  north  across  the  Smith  River  from  a  point  approximately  3  miles  east  from  the  head  of 
Spring  Coulee.  Snags  on  slope  below  and  early  growth  stage  of  understory  plants  indicate  that  this 
locality  was  swept  by  wildfire  several  decades  earlier.  This  fire  promoted  development  of  a  dense  shrub 
cover.  Fire's  influence  on  distant  southwest  slopes  is  indicated  by  confinement  of  conifers  to  rock  out- 
crops and  moist  draws. 
USGS  photograph  137  by  V.  H.  Barnett. 


Plate  38b  72  years  later 

Regeneration  and  growth  of  Douglas-fir  (inset)  made  it  necessary  to  move  camera  approximately  75 
yards  northeast  to  the  only  natural  opening.  Open  slope  in  1909  scene  that  resulted  from  fire  is  now 
densely  covered  by  Douglas-fir.  In  distance,  conifers  show  a  marked  increase  in  density. 
Photograph  by  G.  E.  Gruell. 
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Plate  39a  (August  1922)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  4,800  ft  (1  463  m) 

A  southeast  view  into  Monarch  Canyon  from  a  point  approximately  2  miles  north  of  Monarch,  Mont.,  on 

the  Belt  Ranger  District,  Little  Belt  Mountains.  Far  slopes  and  ridge  above  cliffs  at  left  were  swept  by 

wildfire  in  1919. 

USFS  photograph  by  R.  F.  Rush. 


Plate  39b  (September  13,  1979)  57  years  later 

Construction  of  county  road  has  altered  foreground.  Aspen  at  lower-left  in  early  view  has  matured.  Far 

slopes  and  ridge  at  left  are  now  covered  by  a  dense  stand  of  lodgepole  pine.  Douglas-fir  are  also 

regenerating  in  this  locality. 

Photograph  by  W.  J.  Reich. 
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Plate  40a  (ca.  1930)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,100  ft  (1  555  m) 

Looking  west-southwest  toward  the  Belt  Creek  Ranger  Station,  Lewis  and  Clark  National  Forest.  Open 

slopes  behind  station  support  shrubs,  herbs,  and  young  conifers  that  regenerated  following  a  wildfire  in 

1919.  Note  snags  that  resulted  from  this  fire. 

USFS  photograph;  photographer  unknown. 


Plate  40b  (September  13,  1979)  About  49  years  later 

Camera  is  positioned  lower  on  slope  to  allow  a  less-obstructed  view.  Conifers  on  slope  behind  Ranger 

Station  are  predominantly  Douglas-fir.  Lodgepole  pine  are  also  present.  Conifer  growth  has  shaded  out 

much  of  the  shrub  and  herb  understory  that  regenerated  following  the  1919  fire. 

Photograph  by  W.  J.  Reich. 
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Plate  41a  (September  1927)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,400  ft  (1  646  m) 

Looking  south  across  Sheep  Creek  in  the  vicinity  of  the  Calf  Creek  Guard  Station,  White  Sulphur 
Springs  Ranger  District.  Far  slopes  are  in  an  early  stage  of  succession  with  young  aspen  and  Douglas- 
fir  predominating.  The  young  age  class  of  conifers  suggests  recovery  following  wildfire  in  the  latter 
1800's. 
USFS  photograph  220660  by  K.  D.  Swan. 


Plate  41b  (September  12,  1979)  70  years  later 

Mountain  big  sagebrush  has  become  established  in  foreground,  while  cottonwood  trees  that  formerly 
occupied  streambank  at  lower  center  are  gone.  Increased  density  and  growth  of  Douglas-fir  along  stream 
bottom  and  on  far  slopes  have  resulted  in  decline  of  willow  and  aspen  on  sites  where  these  species  com- 
peted for  space. 
Photograph  by  W.  J.  Reich. 
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Plate  42a  (1910)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,600  ft  (1  707  m) 

The  camera  faces  northwest  up  Yogo  Creek  at  a  point  on  rock  outcrop  directly  above  the  American  Sap- 
phire Mine,  Little  Belt  Mountains,  Lewis  and  Clark  National  Forest.  Stumps  along  bottom  and  snags  on 
both  sides  of  canyon  are  evidence  of  localized  cutting  and  an  extensive  wildfire.  Willow,  cottonwood, 
and  aspen  occupy  sites  along  stream  course.  Conifers  on  right  are  primarily  ponderosa  pine.  Note  flume 
at  right  of  road. 
USGS  photograph  11  by  D.  B.  Sterret. 
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Plate  42b  (August  20,  1980)  70  years  later 

Douglas-fir  predominates  on  old  burn  at  left.  Ponderosa  pine  stand  on  the  drier  southwest  slope  on  right 

shows  less  change.  Alteration  of  canyon  bottom  by  road  construction  and  increased  competition  from 

conifers  has  resulted  in  decline  of  willow  and  aspen. 

Photograph  by  W.  J.  Reich. 
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Plate  43a  (1888)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,300  ft  (1  311  m) 

A  north-northwest  view  of  troopers  in  vicinity  of  Fort  Maginnis.  This  fort  was  located  on  the  east  side 

of  the  Judith  Mountains  (distance)  about  20  miles  northeast  of  Lewistown,  Mont.  Ground  cover  on  ridge 

and  lower  slopes  in  distance  is  apparently  dominated  by  perennial  grasses.  Conifer  distribution  on  far 

slopes  is  largely  confined  to  localized  sites.  Pattern  of  regenerating  conifers  suggests  that  wildfire  had 

burned  the  stand  several  decades  earlier. 

Photograph  by  W.  H.  Culver;  courtesy  of  Montana  Historical  Society. 


Plate  43b  (July  18,  1980)  92  years  later 

Taken  later  in  the  season,  the  foreground  vegetation  shows  effects  of  current  livestock  grazing.  Shrubs 
including  chokecherry,  currant,  rose,  shrubby  cinquefoil,  and  common  juniper  are  more  conspicuous  in 
rocks,  as  are  conifers  and  shrubs  at  left  midground  (arrow).  Stream  course  in  distance  at  center  left  of 
photo,  which  formerly  was  treeless,  now  supports  large  cottonwoods,  Douglas-fir,  and  ponderosa  pine. 
Absence  of  fire  has  allowed  profuse  regeneration  of  Douglas-fir  and  ponderosa  pine  on  far  slopes. 
Photograph  by  W.  J.  Reich. 
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Plate  44a  (1909)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,100  ft  (1  860  m) 

Looking  north-northwest  up  Blake  Creek  at  a  point  1  mile  above  forest  boundary  on  south  side  of  Big 
Snowy  Mountains,  Lewis  and  Clark  National  Forest.  Scene  shows  effects  of  wildfire  in  the  late  1800's 
that  burned  both  sides  of  drainage.  Scattered  ponderosa  pine  and  Douglas-fir  occupy  near  slope  and  can- 
yon bottom.  Herbs  and  shrubs  comprise  early  successional  vegetation  in  burned  areas.  On  right,  fire 
created  a  mosaic  of  burned  and  unburned  timber.  Note  rock  outcrop  in  burned  stand. 
USGS  photograph  114  by  W.  R.  Calvert. 


Plate  44b  (August  20,  1980)  71  years  later 

Camera  was  moved  left  of  original  point  to  avoid  trees  that  screened  early  view.  Regeneration  of 

Douglas-fir  has  resulted  in  a  landscape  dominated  by  conifers.  The  rock  outcrop  visible  in  1909  is  now 

almost  totally  obscured  by  tree  growth.  Conifer  competition  has  largely  eliminated  early  successional 

understory  species. 

Photograph  by  W.  J.  Reich. 
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Plate  45a  (1909)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,100  ft  (1  860  m) 

Close-up  view  of  rock  outcrop  shown  in  previous  plate.  The  presence  of  Douglas-fir  regeneration  and  the 

condition  of  snags  suggest  this  burn  occurred  in  the  1880's. 

USGS  photograph  113  by  W.  R.  Calvert. 


Plate  45b  (August  20,  1980)  71  years  later 

This  view  was  offset  approximately  100  yards  south  of  original  point  to  avoid  Douglas-fir  which  screened 
original  view.  The  dense  Douglas-fir  stand  now  almost  totally  obstructs  view  of  rock  outcrop. 
Photograph  by  W.  J.  Reich. 
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Plate  46a  (ca.  1909)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  4,700  ft  (1  433  m) 

Looking  northeast  across  Swimming  Woman  Creek  toward  Half  Moon  Pass  (center  left)  in  Big  Snowy 
Mountains,  Lewis  and  Clark  National  Forest.  Standing  snags  along  stream  course  and  in  distance  in- 
dicate a  large  wildfire  in  the  latter  1800's.  Vegetation  along  creek  bottom  has  been  heavily  grazed  by 
livestock. 
USGS  photograph  117B  by  W.  R.  Calvert. 
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Plate  46b  (September  12,  1981)  About  72  years  later 

Few  conifers  have  regenerated  along  drainage  bottom  which  has  received  heavy  livestock  grazing. 

Willow  is  less  dense  than  formerly,  while  aspen  in  midground  have  matured.  Subsequent  wildfires  in 

1921  and  1955  have  kept  distant  slopes  mostly  free  of  conifers. 

Photograph  by  R.  F.  Wall. 
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South-Central  Region 

The  South-Central  Region  is  represented  by  plates 
47-81  (fig.  4).  This  region  includes  the  Deerlodge  Na- 
tional Forest  at  the  headwaters  of  the  Clark  Fork  River 
as  well  as  the  Beaverhead  and  Gallatin  Forests  and  the 
west  side  of  the  Custer  National  Forest.  Adjacent  lands 
in  Idaho  immediately  south  and  east  of  the  Centennial 
Mountains  are  also  included.  The  continental  climate  in 
this  region  is  cold  and  dry,  and  valleys  have  high  base 
elevations  (Arno  1979).  Summer  temperatures  can  be 
quite  warm,  while  winter  temperatures  of  -40°  F  are  not 
unusual  in  some  of  the  higher  valleys. 

Only  about  25  percent  of  the  area  in  the  western  por- 
tion of  the  region  is  forested.  Some  mountain  ranges 
south  of  Dillon  are  so  dry  that  little  forest  is  supported 
even  at  8,000  ft  (2  439  m).  Nearly  half  of  the  land  in  the 
moister  eastern  portion  of  the  region  is  forested. 

Because  of  cooler  drier  conditions,  forests  in  the 
western  portion  have  lower  growth  potential. 
Understorles  are  more  grassy  and  contain  fewer 
deciduous  shrubs  than  their  counterparts  to  the  east. 
Growing  seasons  are  apparently  too  short  and  cold  for 
ponderosa  pine  except  for  very  localized  occurrences. 
Most  forested  areas  are  dominated  by  Douglas-fir  or 
lodgepole  pine.  Subalpine  fir  is  abundant  at  high  eleva- 
tions, and  Engelmann  spruce  is  locally  abundant  on 
moist  sites.  Limber  pine  and  Rocky  Mountain  juniper 
are  confined  to  localized  dry  sites. 

Nonforest  land  in  the  western  part  of  the  region  is 
semiarid  steppe  (Artemisia)  and  grassland  (Agropyron, 
Festuca,  and  Stipa).  To  the  east,  Artemisia  is  not  as 
widely  distributed.  Aspen  is  found  in  localized  stands 
throughout  the  region.  Best  development  is  in  the 
Gravelly,  Madison,  and  Gallatin  Ranges. 

Prior  to  European  settlement,  conditions  for  wildfires 
were  favorable  because  of  dry  summer  periods  and  the 
interspersion  of  forests  within  grasslands.  Lightning  was 
a  major  ignition  source,  and  Indians  apparently  set  fires 
routinely  for  various  purposes  (Gruell  1983). 


Observations  in  1805  and  1806  by  Lewis  and  Clark 
(Thwaites  1959)  suggest  that  large  wildfires  set  by  In- 
dians for  purposes  of  communicating  were  a  common 
phenomenon  on  the  upper  Missouri  drainages.  In  August 
1805,  Lewis  and  Clark  observed  two  fires  between  the 
Three  Forks  of  the  Missouri  and  Horse  Prairie.  Concern 
about  Indian-set  wildfires  was  expressed  when  the  party 
was  selecting  a  safe  location  to  cache  their  dugout 
canoes.  The  canoes  were  submerged  at  the  headwaters  oJ 
the  Beaverhead  River  to  protect  them  from  fire  and  In- 
dians. Mullan  (1855b)  reported  Indian  burning  along  the 
Wisdom  (Big  Hole)  River  in  the  vicinity  of  present  day 
Melrose,  Mont.,  and  near  Divide,  Mont. 

Indians  set  fires  to  flush  enemies,  as  experienced  by 
Osborne  Russell  during  an  1835  battle  in  the  upper 
Madison  drainage  (Haines  1965).  In  1863,  DeLacy  (1902) 
observed  recent  burns  in  the  Lower  Gallatin  Canyon  ancl 
Gallatin  Valley  that  he  attributed  to  Indians.  Hayden 
(1872)  described  the  early  landscape  in  the  upper 
Gallatin  as  having  been  subjected  to  frequent  fires. 

Fire  scar  analysis  at  12  widely  separated  sites  (5,300 
to  7,600  ft)  (1  616  to  2  317  m)  in  limber  pine,  cool-dry 
Douglas-fir,  and  moist  Douglas-fir  h.t.'s  suggest  a  mean 
fire  interval  of  35  to  40  years  (Arno  and  Gruell  1983). 
Considering  that  these  data  were  from  forested  sites,  it 
is  probable  that  fire  frequencies  in  grasslands  were  even 
shorter. 

Photographic  evidence,  historical  narratives,  and  fire 
history  studies  (Arno  and  Gruell  1983)  suggest  that 
presettlement  fires  favored  the  growth  of  perennial 
bunchgrasses  and  suppressed  sagebrush  on  sites  having 
good  potential  for  growth  of  grasses  (plates  47,  50,  58, 
and  67).  Short  fire  intervals  no  doubt  tended  to  keep 
some  localities  in  grassland.  Longer  intervals  apparently 
allowed  sagebrush  to  reinvade  sites  (plate  72).  Most  site:, 
are  now  occupied  by  sagebrush  in  varying  densities.  The 
increase  in  sagebrush  density  was  apparently  promoted 
by  decades  of  livestock  grazing  and  absence  of  fire  (plat< 
63). 
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Drier  rocky  sites  dominated  by  junipers  (Juniper  Fire 
3roup)  supported  fewer  trees  in  earlier  years  (plates  55, 
36,  and  80).  Tree  age  and  fire  evidence  suggest  that  ear- 
y  fires  burned  irregularly  because  of  discontinuous  fuels. 
Did  junipers  are  usually  confined  to  rock  outcrops, 
•idges,  and  dry,  rocky  south  slopes  where  fuels  were 
sparse.  Young  junipers  have  become  established  on  more 
Droductive  sites  that  formerly  were  swept  by  recurrent 
Wildfire.  There  is  little  evidence  of  junipers  having 
formerly  occupied  these  sites. 

Dry  limber  pine  h.t.'s  (Fire  Group  1)  were  sparsely 
covered  by  trees  in  the  early  1900's.  As  in  the  North- 
Dentral  Region,  the  absence  of  fire  for  many  years  has 
allowed  limber  pine  to  increase  (plates  69  and  81). 

Fire-sensitive  curlleaf  mountain-mahogany  (Mahogany 
Fire  Group)  have  been  favored  by  the  absence  of  fire. 
'Photographic  evidence  and  age  structure  of  stands  sug- 
gests that  the  absence  of  fire  allowed  plants  to  radiate 
from  protected  sites  and  become  established  on  deeper 
soils  that  had  been  frequently  swept  by  fire  (plate  49). 
Although  mahogany  spread  to  additional  sites,  some 
stands  have  deteriorated  during  the  past  several  decades 
oecause  of  insect  damage  and  intensive  use  by 
ungulates.  Mahogany  has  also  deteriorated  as  a  result  of 
suppression  from  conifers. 

Fire's  influence  on  Douglas-fir  appears  to  have  varied 
by  fire  group.  Stands  were  very  open  and  patchy  in  the 
:ool-dry  h.t.  (Fire  Group  5)  (plates  59,  63,  65,  68,  and 
78).  These  stands  were  predisposed  to  frequent  ground 
fires  because  of  grassy  fuels.  Fire  stimulated  production 
of  grasses  and  suppressed  full  development  of  shrubs. 
Surviving  trees  were  restricted  to  localized  moist  sites, 
rock  outcrops,  talus  slopes,  and  stony  ridges  where  fuels 
were  sparse.  Where  site  conditions  were  better,  frequent 
fire  favored  development  of  serai  aspen  and  often  the 
virtual  exclusion  of  Douglas-fir.  In  the  absence  of  fire 
during  the  past  50  to  100  years,  Douglas-fir  regenerated 


successfully  and  stands  thickened  (plates  75  and  79).  The 
long  absence  of  fire  initially  resulted  in  optimum 
development  of  various  big  game  browse  plants,  but 
these  plants  have  since  deteriorated  or  died  out  as  a 
result  of  forest  canopy  closure. 

The  presence  of  few  stumps  or  old-growth  trees  in- 
dicates that  grassy  sites  lacked  trees  entirely  or  former- 
ly supported  a  scattered  tree  cover.  Encroachment  of 
Douglas-fir  into  grasslands  appears  to  have  occurred  at 
irregular  intervals  when  there  was  a  coincidence  of  a 
heavy  seed  crop  and  high  moisture  (Sindelar  1971). 
These  sites  are  underlain  by  dark  grassland  soils  with 
mollic  horizons  that  could  have  developed  either  (1) 
under  grassland  or  (2)  perhaps  under  Douglas-fir  having 
an  understory  of  pinegrass  and  other  base-rich  grasses 
and  shrubs  (Tomar  and  Nimlos  1982).  The  photographic 
evidence  and  field  inspection  suggest  that  the  first  alter- 
native is  most  likely. 

On  sites  where  sagebrush  was  a  minor  component  in 
the  presettlement  grassland,  conifer  encroachment  was 
no  doubt  preceded  by  invasion  of  sagebrush.  Sagebrush 
proliferated  in  the  absence  of  fire  and  provided  sheltered 
microsites  for  Douglas-fir  seedlings  (Sindelar  1971).  Dur- 
ing the  course  of  many  decades,  Douglas-fir  growth  and 
subsequent  canopy  closure  has  resulted  in  mortality  of 
sagebrush.  This  die-off  can  be  seen  in  varying  states  of 
decomposition  beneath  the  tree  layer  (plate  63). 

Moist  Douglas-fir  h.t.'s  (Fire  Group  6)  show  marked 
changes  in  appearance  over  the  past  50  to  100  years. 
These  types  were  historically  subjected  to  fires  of 
various  intensities.  Fire  produced  a  mosaic  of  treatments 
on  the  landscape  that  is  readily  apparent  in  early 
photographs  (plates  72-74  and  77).  This  disturbance  was 
particularly  responsible  for  rejuvenating  aspen  and  other 
deciduous  vegetation.  As  a  consequence,  stands  in 
earlier  years  supported  more  aspen  (plates  60-63  and 
72-74).  In  the  absence  of  fire,  aspen  has  deteriorated. 
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South-Central  Region  Plates 


Plate  47a  (1916)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  6,600  ft  (2  012  m) 

A  view  north-northwest  across  the  north  fork  of  the  Big  Hole  River  toward  Battle  Mountain.  Scene  is 

on  the  Big  Hole  Battlefield  National  Monument.  The  shrubs  behind  T.  C.  Sherril  are  willow,  while  the 

vegetation  on  the  open  slope  is  an  association  of  mountain  big  sagebrush,  perennial  grasses,  and  forbs. 

Douglas-fir  borders  the  opening  at  upper  right.  The  two  large  Douglas-fir  trees  in  the  opening  were  used 

as  cover  by  a  Nez  Perce  sharpshooter  who  fired  on  troopers. 

Photograph  by  Will  Cave.  Courtesy  of  University  of  Montana  Archives  and  Special  Collections. 
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Plate  47b  (June  25,  1980)  64  years  later 

Willows  appear  to  be  more  dense  and  Douglas-fir  are  invading  what  was  formerly  an  open  slope.  The 

sparse  appearance  in  upper  branches  of  the  sniper  trees  is  the  result  of  dieback.  Mountain  big  sagebrush 

has  increased  in  density.  Fire  scar  evidence  in  this  locality  (Pierce  1982;  Arno  and  Gruell  1983)  suggests 

that  prior  to  1900,  wildfire  swept  these  slopes  on  the  average  of  about  every  35  years. 

Photograph  by  G.  E.  Gruell. 
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Plate  48a  (ca.  1890-1900)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,800  ft  (1  768  m) 

Looking  south-southeast  across  Grasshopper  Creek  from  west  bank  about  1  mile  below  Bannack,  Mont. 
Occasion  is  dedication  of  Maggie  A.  Gibson  dredge.  Wood  supply  for  powering  dredge  suggests  that  log- 
ging was  intense  in  this  locality.  Limber  pine  occupy  upper  slope  at  left.  Distant  slopes  at  right  center 
support  an  association  of  Douglas-fir,  limber  pine,  Rocky  Mountain  juniper,  and  curlleaf  mountain- 
mahogany.  These  slopes  show  evidence  of  a  wildfire  in  the  late  1800's. 
Photograph  courtesy  Montana  Historical  Society,  photographer  unknown. 


«i  ' 

'A'* 

2faP"     - r ; 

< 

■ 

'    '■* 

Plate  48b  (July  9,  1981)  About  80  to  90  years  later 

Stream  course  is  now  covered  by  willow  and  other  shrubs.  Sagebrush  has  revegetated  dredge  tailings. 

Conifer  cover  on  distant  slopes  has  increased. 

Photograph  by  G.  E.  Gruell. 
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Plate  49a  (1880)  Mahogany  Fire  Group.  Elevation  5,800  ft  (1  768  m) 

Northeast  view  of  Bannack  City,  Mont.  The  open  slopes  above  town  support  sagebrush/grass.  Dark 

shrubs  on  near  ridge  are  curlleaf  mountain-mahogany.  Patchy  distribution  of  conifer  shows  effects  of 

logging  and  fire. 

Montana  Department  of  Fish,  Wildlife,  and  Parks  photograph,  courtesy  of  Roy  Herseth. 
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Plate  49b  (May  1981)  101  years  later 

Mature  cottonwood,  willow,  and  other  riparian  vegetation  now  dominate  Grasshopper  Creek  bottomland, 
while  Bannack  is  a  remnant  of  its  former  self.  Mahogany  stands  have  increased  in  density  on  deep  soils, 
as  have  conifers. 

Montana  Department  of  Fish,  Wildlife,  and  Parks  photograph  by  Roy  Herseth 
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Plate  50a  (1871)  Sagebrush/Grass  Fire  Group.  Elevation  5,300  ft  (1  616  m) 

The  camera  faces  northeast  toward  Rattlesnake  Cliffs  and  site  now  occupied  by  Interstate  15  rest  stop 

about  10  miles  southwest  from  Dillon,  Mont.  Scene  shows  a  grassland  dominated  landscape  that  appears 

to  be  closely  grazed.  Sagebrush  can  be  seen  on  lower  rocky  slopes  in  distance  on  left,  and  inside  fenced 

pasture.  Cottonwood  predominate  in  bottomlands  along  the  Beaverhead  River. 

W.  H.  Jackson  photograph,  courtesy  of  Yellowstone  National  Park. 


-,    *5> 


Plate  50b  (August  8,  1981)  110  years  later 

Livestock  grazing  and  absence  of  wildfire  in  this  locality  has  allowed  sagebrush  to  invade  foreground 
and  flats  outside  of  fenced  fields.  Sagebrush  cover  on  lower  slopes  at  left  appears  to  have  increased 
markedly.  Valley  bottom  (background,  right)  has  been  altered  by  construction  of  highway  and  rest  stop. 
Foreground  and  midground  were  not  effected  by  this  work.  Cottonwood  in  distance  have  grown  and  ex- 
panded their  coverage. 
Photograph  by  G.  E.  Gruell. 
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Plate  51a  (1871)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,600  ft  (2  012  m) 

The  camera  faces  south-southwest  from  a  position  near  the  Snowline  Ranch  7.3  miles  east  of  Lima, 

Mont.,  on  Interstate  15.  Lima  Peaks  are  at  right.  Herbaceous  vegetation  dominates  the  foreground, 

while  a  stringer  of  willows  lines  stream  course  in  midground.  Scattered  sagebrush  plants  are  evident  on 

flats  beyond  willows.  Tree  cover  on  distant  slopes  is  an  association  of  Douglas-fir  and  aspen  in  early 

succession.  Fire  scar  samples  from  Douglas-fir  stand  (arrow)  indicate  four  wildfires  from  1726  to  1890 

(Arno  and  Gruell  1983). 

USGS  photograph  57  by  W.  H.  Jackson. 
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Plate  51b  (June  2,  1981)  Railroad  right-of-way  and  Snowline  Ranch  now  occupy  valley  bottom. 

Fire's  absence  since  1890  has  allowed  Douglas-fir  to  develop  and  displace  serai  aspen.  Aspen  com- 
munities on  lower  slopes  at  right  and  at  right  center  of  photo  (open  arrow)  have  matured. 
Photograph  by  G.  E.  Gruell. 
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Plate  52a  (1871)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  7,900  ft  (2  409  m) 

Looking  south  across  Deep  Creek  at  Beaverhead  Mountains  in  distance.  Camera  point  is  on  ridge  above 

conifer  stand  indicated  by  arrow  in  plate  51a.  North  slopes  of  Deep  Creek  support  Douglas-fir.  Though 

not  readily  apparent,  conifers  on  far  slopes  show  the  effect  of  past  fires.  Some  stands  contain  few  trees, 

while  other  stands  are  small,  being  separated  by  large  openings. 

USGS  photograph  56  by  W.  H.  Jackson. 


Plate  52b  (1981)  110  years  later 

Douglas-fir  shows  a  marked  increase  in  density  along  Deep  Creek  and  on  the  distant  slopes  of  the 

Beaverhead  Mountains.  Sites  that  formerly  supported  few  or  no  conifers  are  now  covered  by  dense 

stands. 

Photograph  by  G.  E.  Gruell. 
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Plate  53a  (1871)  Sagebrush/Grass  Fire  Group.  Elevation  6,400  ft  (1  951  m) 

Camera  faces  southwest  up  Pleasant  Valley  Creek  from  ridge  located  on  west  side  of  Interstate  15,  8.4 

miles  south  of  Monida  Pass.  Patch  of  sagebrush  in  foreground  shows  evidence  of  recent  fire.  Homestead 

at  left,  road,  and  telegraph  poles  attest  to  early  settlement.  Note  open  character  of  slopes  in  distance  at 

right.  Fire  scars  from  group  of  conifers  at  right  (arrow)  showed  four  fires  between  1777  and  1853,  with  a 

mean  fire  interval  of  21  years  (Arno  and  Gruell  1983). 

USGS  photograph  55  by  W.  H.  Jackson. 
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Plate  53b  (August  15,  1981)  110  years  later 

Camera  point  has  been  altered  by  highway  construction.  Homestead  has  been  removed  and  road  in 

valley  is  no  longer  used  by  interstate  travelers  between  Idaho  and  Montana.  A  long  period  with  little  or 

no  fire  has  allowed  growth  of  scattered  Douglas-fir  and  aspen  communities. 

Photograph  by  G.  E.  Gruell. 
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Plate  54a  (September  19,  1928)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  7,000  ft  (2  134  m) 

The  camera  faces  east-southeast  at  a  point  on  upper  Blacktail  Deer  Creek  approximately  1.5  miles  above 
Whiskey  Springs.  Flat  area  in  foreground  and  midground  supports  herbaceous  plants  in  association  with 
scattered  sagebrush  and  rubber  rabbitbrush.  Slopes  in  distance  show  effects  of  past  fires,  particularly 
the  drier  southwest  exposure  at  right  where  fire-scarred  snags  bore  evidence  of  two  early  fires. 
USGS  photograph  2016  by  W.  C.  Alden. 
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Plate  54b  (June  23,  1981)  53  years  later 

Flat  shows  effects  of  heavy  livestock  grazing.  Sagebrush  stand  on  toe  slope  at  left  has  expanded  down 

slope.  In  distance,  aspen  have  matured  in  canyon  bottom.  Closure  of  Douglas-fir  and  limber  pine  canopy 

has  resulted  in  loss  of  Scouler  willow,  aspen,  snowberry,  and  buffaloberry. 

Photograph  by  G.  E.  Gruell. 
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Plate  55a  (1872)  Fire  Group  1:  Dry  limber  pine.  Elevation  6,800  ft  (2  073  m) 

Camera  is  facing  north-northeast  from  a  position  on  low  ridge  separating  the  Teddy  Creek  and  Price's 
Creek  tributaries  of  Blacktail  Deer  Creek.  This  locality  is  in  Price's  Canyon  in  the  Blacktail  Mountains 
south  of  Dillon,  Mont.  Ridge  in  foreground  supports  perennial  grasses  and  scattered  sagebrush.  Based 
on  present  species  composition,  streambottom  vegetation  (open  arrow)  in  midground  at  right  was 
primarily  comprised  of  Great  Basin  wildrye  and  rose.  Dark  shrubs  (closed  arrow)  at  right  are  willows. 
Note  distribution  of  conifers  in  distance.  Fire-scarred  trees  in  this  locality  indicated  at  least  five  fires 
from  1588  to  1877  (Arno  and  Gruell  1983). 
USGS  photograph  902  by  W.  H.  Jackson. 
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Plate  55b  (July  8,  1981)  109  years  later 

Camera  point  was  moved  about  30  feet  north  to  avoid  screen  of  Rocky  Mountain  juniper  and  limber 
pine.  Sagebrush  density  has  increased  on  ridge  in  foreground,  bottomland,  and  on  slopes.  Conifers  now 
occupy  sites  in  foreground  and  midground  that  were  formerly  treeless.  Limber  pine  and  Douglas-fir  den- 
sity in  distance  have  increased  markedly. 
Photograph  by  G.  E.  Gruell. 
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Plate  56a  (September  20,  1928)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  7,200  ft  (2  195  m) 

An  east-southeast  view  toward  the  Continental  Divide  from  a  point  on  the  Targhee  National  Forest  0.25 
miles  north  of  Red  Rock  Pass.  The  widespread  distribution  of  snags  and  early  successional  vegetation 
indicates  a  wildfire  several  decades  earlier. 
USGS  photograph  2017  by  W.  C.  Alden. 
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Plate  56b  (June  25,  1981)  53  years  later 

Snag  at  lower  left  is  same  one  pictured  in  original  view.  Shrubs  in  foreground  and  midground  are 

primarily  sagebrush  and  snowberry.  Aspen  stands  have  matured  and  Douglas-fir  and  lodgepole  pine 

have  largely  developed  into  dense  stands. 

Photograph  by  G.  E.  Gruell. 
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Plate  57a  (September  20,  1928)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,500  ft  (1  982  m) 

A  south-southwest  view  of  Sawtell  Peak  from  valley  floor  approximately  2.5  miles  southwest  of  Henrys 
Lake.  Perennial  grasses  and  sagebrush  occupy  bottomlands.  Snags  and  differences  in  conifer  growth 
patterns  indicate  past  wildfires. 
USGS  photograph  2018  by  W.  C.  Alden. 
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Plate  57b  (June  25,  1981)  53  years  later 

Lack  of  reference  points  in  foreground  and  midground  precluded  close  duplication  of  original  camera 

point.  Openings  and  sparsely  vegetated  sites  evident  on  far  slopes  in  1928  are  now  covered  by  lodgepole 

pine,  Douglas-fir,  and  aspen. 

Photograph  by  G.  E.  Gruell. 
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Plate  58a  (1872)  Sagebrush/Grass  Fire  Group.  Elevation  6,700  ft  (2  043  m) 

Looking  west-southwest  across  the  north  end  of  Henrys  Lake  from  the  lower  slopes  near  site  now 

occupied  by  Wildrose  Guest  Ranch.  Ground  cover  in  the  foreground  appears  to  be  an  association  of  herbs 

and  scattered  snowberry  plants.  The  dark,  clustered  plant  seems  to  be  a  woody-based  forb.  Aspen  in 

various  successional  stages  are  evident  adjacent  to  the  lake.  Far  slopes  show  thinning  effect  of  past 

fires  on  conifers. 

USGS  photograph  178  by  W.  H.  Jackson. 


." ' 


Plate  58b  (June  25,  1981)  109  years  later 

Foreground  now  supports  a  dense  mountain  big  sagebrush  stand.  Associated  vegetation  includes  scat- 
tered snowberry  that  is  being  outcompeted  by  sagebrush,  Idaho  fescue,  bluebunch  wheatgrass,  and 
other  perennial  grasses  and  forbs.  At  right,  aspen  growth  screens  former  view.  Lake  level  was  raised 
about  15  feet  for  irrigation  purposes.  In  distance,  aspen  stands  have  matured,  while  Douglas-fir  density 
has  increased  markedly.  Photograph  by  G.  E.  Gruell. 
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Plate  59a  (1872)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  6,500  ft  (1  982  m) 

Looking  north  toward  Black  Mountain  from  Sawtell's  ranch  on  west  side  of  Henrys  Lake.  Site  is  now 

occupied  by  Staley  Springs  Resort.  Extreme  right  midground  shows  bottomlands  before  the  level  of 

Henrys  Lake  was  raised.  Foothills  in  distance  support  open  Douglas-fir  stands.  Fire-scarred  trees  in  this 

locality  show  a  mean  fire  interval  of  56  years  or  less  (Arno  and  Gruell  1983).  Four  fires  occurred  from 

1694  to  1862. 

USGS  photograph  180  by  W.  H.  Jackson. 
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Plate  59b  (July  31,  1981)  109  years  later 

Original  view  was  screened  by  cabins,  making  it  necessary  to  move  camera  north.  Lake  now  covers  low- 
lying  areas  at  right.  Absence  of  fire  for  over  100  years  has  allowed  development  of  dense  Douglas-fir  on 
the  lower  slopes.  The  once  open  slopes  above,  which  were  formerly  kept  free  of  conifers  by  fire,  are  now 
supporting  scattered  Douglas-fir.  Photographs  are  not  sharp  enough  to  allow  comparison  of  sagebrush 
cover  on  distant  benchlands. 
Photograph  by  G.  E.  Gruell. 
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Plate  60a  (September  22,  1927)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  7,400  ft  (2  256  m) 

Looking  north  across  Papoose  Creek  (midground)  toward  the  Madison  Range,  southeast  of  Cameron  on 
the  Beaverhead  National  Forest.  Scene  shows  dense  stand  of  spruce  and  Douglas-fir  in  moist  bottom. 
Adjacent  slopes  support  scattered  Douglas-fir  and  young  aspen.  Analysis  of  fire  scars  in  this  locality 
shows  four  fires  prior  to  1866,  with  a  mean  fire  interval  of  49  years  (Arno  and  Gruell  1983). 
USGS  photograph  1890  by  W.  C.  Alden. 
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Plate  60b  (June  24,  1981)  54  years  later 

Camera  was  moved  approximately  50  yards  down  ridge  to  the  only  view  that  was  not  fully  screened  by 

growth  of  trees.  The  absence  of  fire  has  favored  proliferation  of  Douglas-fir.  Field  inspection  revealed 

that  aspen  stands  have  deteriorated  because  of  competition  from  Douglas-fir  and  absence  of  fire's 

rejuvenating  influence. 

Photograph  by  G.  E.  Gruell. 
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Plate  61a  (1936)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,400  ft  (1  951  m) 

Looking  south-southeast  toward  the  Madison  Range  from  a  bench  above  the  old  Bear  Creek  Ranger 
Station,  Beaverhead  National  Forest.  Young  Douglas-fir  and  aspen  seem  to  be  the  result  of  wildfire 
during  the  late  1800's. 

USFS  photograph  331280  by  K.  D.  Swan. 
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Plate  61b  (August  29,  1979)  43  years  later 

Openings  formerly  occupied  by  aspen  are  now  dominated  by  Douglas-fir.  Where  aspen  have  not  been  in 

competition  with  conifers,  aspen  stands  have  matured  and  are  in  good  condition.  Note  growth  of  aspen 

clone  at  lower  left. 

Photograph  by  W.  J.  Reich. 


75 


'"•** 


Plate  62a  (1916)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,900  ft  (2  104  m) 

Looking  north  across  Romy  Lake  in  the  Gravelly  Range,  Beaverhead  National  Forest.  Lake  shoreline 

and  flats  in  distance  are  covered  by  large  willows.  Note  young  conifers  on  lower  and  distant  slopes. 

Young  aspen  suggest  previous  disturbance  by  wildfire. 

USGS  photograph  201  by  D.  D.  Condit. 


■ 


Plate  62b  (July  8,  1980)  64  years  later 

Raising  of  lake  level  apparently  killed  willows.  On  the  flats  in  the  distance,  willows  are  smaller  than  in 

1916.  Douglas-fir  and  other  conifers  have  regenerated  in  the  large  opening  beyond  lake.  Competition 

from  conifers  has  resulted  in  deterioration  and  die  off  of  aspen  on  various  sites.  The  opening  at  right 

center  is  a  clearcut  made  during  a  1962  timber  sale. 

Photograph  by  W.  J.  Reich. 
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Plate  63a  (August  1936)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  6,500  ft  (1  982  m) 

Looking  east  from  the  Lewis  Creek  bench  toward  the  Ruby  River  and  Gravelly  Range,  near  Vigilante 
Station,  Beaverhead  National  Forest.  Douglas-fir  is  invading  sagebrush  on  near  slopes  at  left.  Young 
aspen  stands  predominate  on  Lewis  Creek  (lower)  and  Badger  Creek  (center).  Drier  aspects  in  distance 
support  Rocky  Mountain  juniper  and  limber  pine,  while  Douglas-fir  occupies  cooler  sites.  Fire-scarred 
trees  and  a  stump  on  Badger  and  Lewis  Creeks  show  a  mean  fire  interval  of  27  years  based  on  six  fires 
from  1734  to  1871  (Arno  and  Gruell  1983). 
USFS  photograph  330732  by  Lincoln  Ellison. 
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Plate  63b  (June  2,  1981)  45  years  later 

Douglas-fir  now  dominates  both  the  sagebrush  on  the  near  slope  and  the  aspen  in  the  drainages.  Distant 

slopes  show  increase  in  tree  cover  on  both  dry  and  moist  sites. 

Photograph  by  G.  E.  Gruell. 
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Plate  64a  (July  5,  1940)  Juniper  Fire  Group.  Elevation  5,500  ft  (1  677  m) 

View  is  north-northwest  across  the  Ruby  River  from  a  point  just  east  of  the  Ruby  Dam,  southeast  of 

Sheridan,  Mont.  Vegetation  along  stream  bottom  includes  willow,  water  birch,  currant,  and  young 

cottonwood.  The  southeast-facing  slopes  in  distance  support  an  association  of  Rocky  Mountain  juniper 

and  limber  pine.  Mountain  big  sagebrush  occupies  the  deeper  soils,  while  black  sagebrush  is  confined  to 

the  more  shallow  drowthy  soils.  The  limestone  outcrops  support  curlleaf  mountain-mahogany. 

USGS  photograph  1584  by  J.  T.  Pardee. 
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Plate  64b  (July  8,  1980)  40  years  later 

Road  reconstruction  made  it  necessary  to  elevate  camera  position.  Trees  and  shrubs  on  flood  plain  at 

left  in  plate  69a  were  cleared.  Those  that  were  not  removed  have  grown  considerably.  Sagebrush  on  far 

slope  has  increased  in  size  and  density  as  has  mahogany.  Rocky  Mountain  juniper  is  slowly  increasing 

its  presence  on  these  harsh  sites. 

Photograph  by  W.  J.  Reich. 
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Plate  65a  (ca.  1903-07)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,100  ft  (1  555  m) 

Looking  east-northeast  toward  the  Tobacco  Root  Range  from  Sheridan,  Mont.  Drainage  on  left  is  Indian 
Creek.  Except  for  conifers  on  Skihi  Peak  at  left,  tree  cover  is  sparse  and  largely  confined  to  the  steeper 
slopes,  ridges,  and  rocky  outcrops  that  allowed  some  protection  from  wildfire. 
Photograph  courtesy  T.  J.  Darby,  Sheridan;  photographer  unknown. 


Plate  65b  (September  3,  1980)  About  75  years  later 

Douglas-fir  and  Rocky  Mountain  juniper  have  regenerated  profusely.  Localities  that  formerly  supported 

sparse  conifer  stands  are  now  densely  stocked.  Field  inspection  led  to  the  conclusion  that  Douglas-fir 

and  juniper  have  invaded  sites  that  formerly  were  treeless  because  of  frequent  wildfires.  Fire  intervals 

of  31  years  were  documented  by  Arno  and  Gruell  (1983)  for  the  lower  slopes  immediately  east  of  those  in 

view. 

Photograph  by  W.  J.  Reich. 
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Plate  66a  (ca.  1900)  Juniper  Fire  Group.  Elevation  4,600  ft  (1  402  m) 

Looking  west  across  Alder  Gulch  and  Cowrey  Dredge  No.  1  at  a  point  approximately  3  miles  below 

Nevada  City,  Mont.  Canyon  bottom  has  been  much  disturbed  by  dredging  for  gold.  Southeast  slopes  in 

distance  support  Rocky  Mountain  juniper,  perennial  grass,  and  scattered  sagebrush. 

Photograph  courtesy  of  Montana  Historical  Society,  photographer  unknown. 
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Plate  66b  (June  24,  1981)  About  81  years  later 

Heavily  disturbed  riparian  bottoms  have  shown  remarkable  recovery  and  currently  support  an  excellent 

mix  of  wildlife  cover  plants.  Junipers  on  far  slope  have  increased  in  number  and  size. 

Photograph  by  G.  E.  Gruell. 
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Plate  67a  (1924)  Sagebrush/Grass  Fire  Group.  Elevation  5,800  ft  (1  768  m) 

The  camera  faces  north  from  Boothill  above  Virginia  City,  Mont.  Graves  are  those  of  five  members  of 

Henry  Plummer's  infamous  road  agents,  who  were  hanged  by  the  Vigilantes  in  1864.  Shrubs  in 

foreground  are  mountain  big  sagebrush.  The  near  slope  has  a  smooth  appearance  and  is  apparently 

covered  by  perennial  grasses.  A  few  groups  of  mountain  big  sagebrush  as  well  as  scattered  plants  are 

also  present  on  this  slope. 

USFS  photograph  by  K.  D.  Swan. 
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Plate  67b  (July  9,  1980)  56  years  later 

Grading  and  remonumenting  graves  resulted  in  displacement  of  soil  in  foreground.  Note  change  in  loca- 
tion of  grave  markers.  Near  slope  shows  a  marked  increase  in  the  density  of  sagebrush.  Understory 
plants  are  predominantly  bluebunch  wheatgrass. 
Photograph  by  W.  J  Reich. 


81 


Plate  68a  (1871)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  6,000  ft  (1  829  m) 

An  east-northeast  view  up  Alder  Gulch  2.2  miles  above  Virginia  City,  Mont.  Placer  mining  following 
discovery  of  gold  in  1863  has  resulted  in  a  marked  change  in  canyon  bottom.  The  open  south-facing 
slope  at  left  supports  a  few  mature  Rocky  Mountain  juniper  in  rock  outcrops.  Juniper  and  Douglas-fir 
regeneration  is  evident.  Bluebunch  wheatgrass  is  the  predominant  grass  cover.  Conifers  on  north-facing 
slope  at  right  are  Douglas-fir.  Stumps  in  area  indicate  light  cutting  of  trees.  Wildfires  had  been  relatively 
frequent  in  this  locality.  Examination  of  two  fire-scarred  stumps  showed  evidence  of  four  fires  before  187 

Photograph  by  W.  H.  Jackson,  courtesy  of  Montana  Historical  Society. 
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Plate  68b  (July  28,  1981)  110  years  later 

The  large  Douglas-fir  in  foreground-left  (arrow)  is  the  same  one  pictured  in  original  scene.  Regeneration 

of  Douglas-fir  and  Rocky  Mountain  juniper  on  this  slope  has  produced  a  marked  change.  Canyon  bottom 

now  supports  various  shrubs  and  trees,  including  aspen,  narrowleaf  cottonwood,  willow,  and 

chokecherry.  North  slope  is  densely  covered  by  Douglas-fir. 

Photograph  by  G.  E.  Gruell. 
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Plate  69a  (August  20,  1901)  Fire  Group  1:  Dry  limber  pine.  Elevation  5,200  ft  (1  585  m) 

A  north-northwest  view  in  Bradley  Creek  drainage  on  U.S.  Highway  287  approximately  4  miles  south  of 
Norris,  Mont.  Scene  shows  team  that  was  hauling  machinery.  Vegetation  in  foreground  appears  to  have 
been  heavily  grazed  by  livestock.  Willows  and  aspen  line  the  stream  behind  horses,  while  Rocky  Moun- 
tain juniper  and  limber  pine  of  varying  age  occupy  dry  southerly  slopes  in  distance. 
Photograph  courtesy  of  Montana  Historical  Society,  photographer  unknown. 
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Plate  69b  (July  29,  1981)  80  years  later 

Foreground  is  in  fenced  pasture.  Aspen  clone  at  left  has  regenerated  from  suckers.  Conifers  are  more 
dense,  and  skunkbush  on  lower  slope  at  upper  center  have  increased  in  size  (arrow).  The  absence  of 
livestock  grazing  as  of  July  29,  1981,  had  allowed  a  more  or  less  continuous  complex  of  grassy  fuels. 
Photograph  by  G.  E.  Gruell. 
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Plate  70a  (1871)  Mahogany  Fire  Group.  Elevation  4,500  ft  (1  372  m). 

Looking  south-southeast  across  the  Madison  River  at  a  point  0.3  miles  below  present  Highway  84  bridge 
crossing  at  Beartrap  recreational  area.  Conifers  in  distance  are  largely  Douglas-fir.  Some  limber  pine  and 
Rocky  Mountain  juniper  are  also  present.  Curlleaf  mountain-mahogany  are  restricted  to  rocky  outcrops. 
USGS  photograph  911  by  W.  H.  Jackson. 


Plate  70b  (August  31,  1982)  111  years  later 

Logging  in  the  latter  1800's  and  the  absence  of  fire  allowed  mahogany  to  proliferate.  Note  the  large 
stand  at  right  (arrow)  that  is  growing  on  a  site  formerly  dominated  by  conifers.  Douglas-fir,  juniper,  and 
scattered  Umber  pine  also  regenerated  following  cutting  and  are  now  outcompeting  mahogany,  skunk- 
bush,  and  other  vegetation  on  many  sites. 
Photography  by  G.  E.  Gruell. 
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Plate  71a  (1901)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,600  ft  (2  012  m) 

The  camera  faces  northeast  from  a  point  high  on  the  slope  above  Elkhorn,  an  early  mining  town  in  the 

Elkhorn  Mountains  of  west-central  Montana.  Adjacent  slopes  are  in  early  succession  following  logging 

and  wildfire  in  the  latter  1800's. 

USGS  photograph  66  by  R.  H.  Chapman. 


Plate  71b  (September  3,  1981)  80  years  later 

Camera  has  been  elevated  to  an  opening  on  a  ridge  that  allows  a  partial  view  of  original  scene.  Dense 

Douglas-fir  and  lodgepole  pine  now  cover  most  of  the  area  that  was  formerly  open. 

Photograph  by  R.  F.  Wall. 
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Plate  72a  (1872)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,400  ft  (1  951  m) 

From  Madison  River  Canyon  at  site  now  occupied  by  Campfire  Lodge  Resort  (below  Hebgen  Lake),  the 
view  is  north-northeast  toward  outlet  of  Cabin  Creek.  Mountain  big  sagebrush  dominates  flats.  Toe 
slope  at  left  supports  a  multi-aged  aspen  stand.  Fallen  snags  and  sizes  of  young  conifers  on  toe  slope 
and  lower  part  of  opposite  slope  indicate  a  wildfire  swept  this  locality  several  decades  earlier.  Increment 
cores  from  Douglas-fir  suggest  that  trees  on  lower  slope  and  bottom  become  established  following  a  fire 
in  about  1840.  Trees  on  right  apparently  died  following  insect  attacks. 
USGS  photograph  230  by  W.  H.  Jackson. 


Plate  72b  (July  15,  1981)  109  years  later 

Structures  made  it  necessary  to  move  camera  to  left  of  original  position.  Canyon  bottom  shows  evidence 
of  having  been  cultivated  earlier.  Smooth  brome  and  fireweed  comprise  a  significant  portion  of  lush  herb 
cover  that  includes  little  sagebrush.  The  aspen  present  in  earlier  view  is  deteriorating  because  of  com- 
petition from  the  maturing  Douglas-fir  forest. 
Photograph  by  G.  E.  Gruell. 
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plate 73a  (1926)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,600  ft  (1  707  m) 
Looking  west  into  the  Gallatin  Canyon  from  a  point  on  Squaw  Creek  1.5  miles  above  its  confluence  with 
the  Gallatin  River.  Lower  east-facing  slope  in  distance  and  canyon  bottom  supports  many  shrubs  and 
young  aspen.  Young  conifers  are  also  conspicuous.  This  area  burned  around  1890. 
USFS  photograph  209839  by  K.  D.  Swan. 
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Plate  73b  (August  29,  1979)  53  years  later 

Camera  point  was  moved  forward  approximately  30  feet  to  avoid  juniper  and  Douglas-fir  that  screened 
original  view.  Mature  cottonwoods  now  partially  obscure  view  of  far  slope  where  Rocky  Mountain 
juniper  and  Douglas-fir  are  outcompeting  aspen,  willow,  and  other  tall  deciduous  shrubs  and  herbs. 
Photograph  by  W.  J.  Reich. 
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Plate  74a  (July  8,  1931)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  6,100  ft  (1  860  m) 

Looking  south-southeast  across  the  south  fork  of  Spanish  Creek  from  a  point  1.5  miles  north  of  the 
Gallatin  National  Forest  boundary.  Open  slopes  in  foreground  and  midground  support  herbaceous  plants 
in  association  with  scattered  shrubs  including  chokecherry,  rose,  and  mountain  big  sagebrush.  Aspen 
predominates  along  Spanish  Creek  and  below  conifers  in  distance.  Young  conifers  and  mosaics  in 
various  localities  indicate  an  early  stage  of  succession  following  wildfire. 
USGS  photograph  2185  by  W.  C.  Alden. 
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Plate  74b  (July  28,  1981)  50  years  later 

Boulders  visible  in  1931  scene  are  largely  obscured  by  vegetation  that  had  not  been  grazed  by  livestock 
at  the  time  of  the  retake.  Sagebrush  has  increased.  The  large  aspen  stand  at  left  midground  has 
deteriorated,  but  root  suckering  has  allowed  regeneration  in  portions  of  the  stand  where  aspen  losses 
allowed  increased  sunlight.  Considerable  loss  of  aspen  has  occurred  in  stands  across  river  (arrow)  and  on 
other  sites  where  it  is  serai  to  conifers.  The  absence  of  fire  for  many  years  has  allowed  Douglas-fir  to 
form  dense  stands  on  distant  slopes  which  still  show  evidence  of  early  fire  mosaics. 

Photograph  by  G.  E.  Gruell. 
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Plate  75a  (1871)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  6,500  ft  (1  982  m) 

The  camera  faces  southwest  at  a  point  which  is  now  approximately  0.25  miles  below  the  Mystic  Lake 

Dam  site,  Bozeman-Gallatin  Ranger  District.  Open  southeast  facing  slope  at  right  appears  to  support  a 

high  complement  of  bluebunch  wheatgrass.  Conifers  on  the  cooler  exposure  at  left  appear  to  have  been 

thinned  by  fire. 

USGS  photograph  66  by  W.  H.  Jackson. 
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Plate  75b  (July  29,  1981)  110  years  later 

Camera  was  moved  forward  to  avoid  trees  that  screened  original  view.  Douglas-fir  and  lodgepole  pine 

occupy  the  formerly  open  slope  at  right  evidently  because  of  a  prolonged  absence  of  fire.  A  closed  canopy 

stand  of  conifers  prevails  on  the  slope  at  left. 

Photograph  by  R.  F.  Wall. 
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Plate  76a  (ca.  1894)  Fire  Group  4:  Warm-dry  Douglas-fir.  Elevation  4,900  ft  (1  494  m) 

The  camera  faces  northeast  toward  Fort  Ellis,  formerly  located  approximately  3  miles  east  of  Bozeman, 

Mont.  A  few  mature  Douglas-fir  and  limber  pine  occupy  scattered  sites  on  near  slopes  behind  fort. 

Young  conifers  are  also  evident  in  the  vicinity  of  these  older  trees.  The  patchy  distribution  of  conifers 

on  Bridger  Mountains  in  distance  reflects  effects  of  cutting  and  wildfires. 

Photograph  by  M.  H.  Duane,  courtesy  of  Montana  Historical  Society. 
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Plate  76b  (July  18,  1981)  87  years  later 

Site  of  Fort  Ellis  now  is  occupied  by  Montana  Agricultural  Experiment  Station.  Closest  slopes  show  a 
considerable  change  in  occupancy  and  growth  of  conifers.  Conifer  encroachment  is  also  evident  in 
Bridger  Mountains,  particularly  on  the  smoother  slopes  below  the  two  peaks  at  right  of  photo  (arrow). 
Photograph  by  R.  F.  Wall. 
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Plate  77a  (1903-04)  Fire  Group  6:  Moist  Douglas-fir.  Elevation  5,100  ft  (1  555  m) 

Camera  faces  west-southwest  at  a  point  near  Bozeman  Pass  on  Interstate  90  about  6  miles  east  of 
Bozeman.  Slopes  show  effects  of  past  wildfire  and  cutting. 
Photograph  courtesy  of  W.  R.  McGee,  Livingston,  Mont. 


Plate  77b  (July  19,  1981)  About  77  years  later 

A  long  period  free  of  disturbance  has  allowed  development  of  a  dense  stand  of  Douglas-fir  mixed  with 
lodgepole  pine. 

Photograph  by  R.  F.  Wall. 
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Plate  78a  (1871)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  6,200  ft  (1  890  m) 

High  on  the  slopes  above  the  Yellowstone  River  10  miles  southeast  of  Livingston,  the  view  is  east 
toward  the  head  of  Suce  Creek.  Snags  and  age  of  young  limber  pine  on  near  slope  indicate  locality  was 
swept  by  wildfire  several  decades  earlier.  Based  on  present  plant  composition,  ground  cover  was  ap- 
parently dominated  by  Idaho  fescue  and  bluebunch  wheatgrass.  Fire  mosaics  are  evident  in  distance. 
W.  H.  Jackson  photograph  57-HS-1213  courtesy  of  National  Archives. 
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Plate  78b  (July  27,  1981)  110  years  later 

A  dense  stand  of  Douglas-fir,  limber  pine,  and  Rocky  Mountain  juniper  now  occupies  near  slope  shown 

in  original  view.  The  grass  cover  on  this  slope  has  been  largely  eliminated  by  tree  canopy  closure. 

Camera  was  moved  approximately  100  yards  down  slope  to  allow  unobstructed  view  of  distant  slopes. 

Tree  cover  on  distant  slopes  has  increased  dramatically. 

Photograph  by  R.  F.  Wall. 
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Plate  79a  (1911)  Fire  Group  5:  Cool-dry  Douglas-fir.  Elevation  5,400  ft  (1  646  m) 

Camera  faces  northwest  across  the  Suce  Creek  tributary  of  Yellowstone  River  at  a  point  approximately 
2  miles  east  of  Forest  Road  469.  Downed  aspen  in  foreground  were  apparently  cut  during  clearing  opera- 
tions for  conversion  into  hay  land.  Young  conifers  indicate  that  a  surface  fire  swept  a  large  portion  of 
the  far  slopes  in  the  latter  1800's.  Considerable  evidence  of  past  fires  was  noted  in  this  locality.  Some 
timber  was  also  cut. 
USGS  photograph  482  by  W.  R.  Stone. 


Plate  79b  (July  27,  1981)  70  years  later 

Absence  of  wildfire  has  allowed  Douglas-fir,  limber  pine,  and  Rocky  Mountain  juniper  to  regenerate  on 
all  slopes.  On  more  productive  sites,  tree  canopy  closure  has  resulted  in  deterioration  of  deciduous  trees 
and  shrubs  including  aspen,  Rocky  Mountain  maple,  willow,  chokecherry,  and  serviceberry. 
Photograph  by  R.  F.  Wall. 
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Plate  80a  (ca  1909)  Juniper  Fire  Group.  Elevation  5,000  ft  (1  524  m) 

Looking  northwest  at  the  Coal-Mine  Rims  area  on  State  Highway  298,  4  miles  south  of  McLeod,  Mont. 
Perennial  grasses  predominate  in  foreground  and  midground,  while  the  dry  southeast-facing  slopes  sup- 
port sagebrush,  common  juniper,  and  scattered  limber  pine. 
USGS  photograph  73  by  W.  R.  Calvert. 


Plate  80b  (July  20,  1981)  About  72  years  later 

Camera  point  does  not  precisely  duplicate  original.  Scene  shows  strong  encroachment  of  sagebrush  on 
the  flats  and  some  encroachment  on  the  near  slopes.  Common  juniper  and  limber  pine  have  increased. 
Photograph  by  R.  F.  Wall. 
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Plate  81a  (September  16,  1921)  Fire  Group  1:  Dry  limber  pine.  Elevation  6,100  ft  (1  860  m) 

A  north-northeast  view  across  Rocky  Creek  Canyon  5  miles  south  of  Red  Lodge,  Mont.  Aspen,  cotton- 
wood,  chokecherry,  willow,  and  other  deciduous  shrubs  and  trees  predominate  along  drainage.  Slopes 
below  rock  outcrop  on  left  and  beyond  creek  at  right  support  perennial  grasses,  sagebrush,  and  scat- 
tered limber  pine. 
USGS  photograph  1158  by  W.  C.  Alden. 


Plate  81b  (July  8,  1981)  60  years  later 

Camera  point  was  moved  across  U.S.  Highway  212  in  order  to  avoid  trees  which  screened  original  view. 
Deciduous  vegetation  along  stream  course  is  being  replaced  by  Douglas-fir  and  spruce,  while  slopes  in 
distance  at  left  and  beyond  Rock  Creek  show  a  significant  increase  in  density  of  limber  pine. 
Photograph  by  R.  F.  Wall. 
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Southeast  Plains  Region 

The  Southeast  Plains  Region  (fig.  5)  (plates  82-86)  in- 
cludes the  extensive  ponderosa  pine  forests  on  lowlands 
and  hilly  terrain  (mostly  2,800  ft  [854  m]  to  4,400  ft 
[1  341  m]  elevation)  in  the  northern  Great  Plains.  It 
covers  the  lower  Yellowstone  River  drainage  as  far 
upstream  as  Big  Timber.  The  region  extends  up  the 
Musselshell  Valley  to  Harlowton,  and  its  northern 
boundary  includes  the  northernmost  pine  groves  in  the 
vicinities  of  Roundup,  Miles  City,  and  Baker. 

Southeastern  Montana  has  a  continental  climate.  Sum- 
mers are  longer,  hotter,  and  more  humid  than  those  in 
the  mountainous  forest  regions.  The  majority  of  the  an- 
nual precipitation,  ranging  up  to  18  inches  in  moist 
forest  areas,  comes  as  spring  and  summer  rains. 

Approximately  20  percent  of  this  region  supports 
forests  (Arno  1979).  These  forests  are  largely  situated  on 
the  Crow  and  Northern  Cheyenne  Indian  Reservations 
and  the  Ashland  and  Sioux  Divisions  of  the  Custer  Na- 
tional Forest.  The  remainder  of  the  region  is  largely 
Great  Plains  grassland. 

Although  ponderosa  pine  (Rocky  Mountain  form, 
Ponderosa  ponderosa  var.  scopulorum)  is  the  only  forest 
tree,  it  occurs  in  rather  diverse  types.  The  driest  of 
these  forest  sites  have  open  stands  of  short  trees  with 
grassland  undergrowth.  Conversely,  moist  north-facing 
slopes  have  dense  stands  of  taller  ponderosa  pine,  with  a 
luxuriant  shrub  and  herb  understory,  including  many 
species  characteristic  of  the  mountain  forests  far  to  the 
west.  Draws  and  gullies  (ravines)  that  support  many 
crown-sprouting  hardwood  trees  and  shrubs  also  dissect 
the  landscape. 

Prior  to  settlement,  the  region  was  apparently  sub- 
jected to  frequent  wildfire.  Fires  on  grasslands  may  have 
been  similar  to  those  George  Catlin  saw  in  the  spring 
and  fall  during  the  1840's  north  of  present  day  Sidney, 
Mont.  (Catlin  1891).  He  reported  that  these  fires  resulted 


from  accidental  ignitions  by  white  men  and  Indians, 
"but. ..many  more.. .were  voluntary  done  for  the  purpose 
of  getting  a  fresh  crop  of  grass,  for  grazing  of  their 
horses,  and  also  for  easier  traveling  during  the  next 
summer."  In  the  1840's  Denig  (Ewers  1961)  reported  the 
"firing  of  the  prairies.. .burned  up  old  grass,  fallen 
timber,  and  underbrush  in  the  points." 

Presettlement  wildfires  in  the  low  mountains  of 
southeastern  Montana  were  thought  to  be  common.  The 
influence  of  early  fires  in  the  Black  Hills  of  South 
Dakota,  where  conditions  are  comparable  to  those  in  the 
Southeast  Plains  Region,  is  evident  in  photographs 
taken  during  the  Custer  Expedition  in  1874  (Progulske 
1974).  Raynolds  (1868)  observed  fresh  burns  and  smoke 
in  the  Black  Hills  during  July  1859.  Raynolds  (1868) 
also  reported  extensive  fires  in  the  Little  Big  Horn 
drainage  and  the  Wolf  Creek  Mountains  of  southeastern 
Montana  during  late  August  and  early  September  1859. 
He  believed  that  these  fires  had  been  set  by  Indians.  In 
1863,  Stuart  (1902)  noted  a  smoky  atmosphere  in  the 
Hardin,  Mont.,  locality  and  observed  Indian-set  fires  in 
the  Big  Horn  drainage  to  the  southwest. 

Large  areas  within  the  Southeast  Region  are  occupied 
by  Wyoming  big  sagebrush.  This  subspecies  has  ap- 
parently been  a  component  of  the  climax  plant  cover  as 
suggested  by  study  of  soil  productivity  potential  and 
climatic  relationships  by  Ross  and  Hunter  (1976).  Reduc- 
tion of  sagebrush  by  fire  results  in  release  of  associated 
perennial  grasses  which  may  predominate  for  several 
decades.  Circumstances  for  proliferation  of  sagebrush 
were  enhanced  in  the  early  1870's  by  the  advent  of 
domestic  livestock  grazing  and  the  relocation  of  Indians 
to  reservations.  In  the  mid-1880's,  sagebrush  was  ap- 
parently well  represented  on  many  sites  favorable  to  its 
growth  (plates  83  and  84). 

Rocky  Mountain  juniper  occupies  localized  rocky  sites 
or  heavily  dissected  topography.  Prior  to  settlement, 
junipers  were  evidently  restricted  to  sites  that  burned 
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Figure  5.— Southeast  Plains  Region. 
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infrequently  because  fuels  were  sparse.  Encroachment 
onto  sites  with  deep  soils  was  not  likely  because  of  fre- 
quent fire.  The  absence  of  fire  has  apparently  allowed 
juniper  to  become  established  on  deeper  soils  (plate  83). 

Curlleaf  mountain-mahogany  is  present  in  the 
Southeast  Region,  but  distribution  is  largely  confined  to 
localized  dry  sites  on  the  Big  Horn  River  drainage.  As  in 
the  western  part  of  Montana,  this  fire-sensitive  shrub 
was  small  in  early  photos,  and  its  distribution  was 
restricted  to  rocky  outcrops  or  areas  of  sparse  fuels 
where  fire  occurred  infrequently.  The  absence  of  fire  has 
apparently  allowed  regeneration  of  mahogany  seedlings 
on  sites  with  deep  soils  that  were  formerly  swept  by  fire. 
Established  plants  have  also  grown  considerably  (plate 
82). 

Ponderosa  pine  forests  within  the  Southeast  Region 
fall  into  two  fire  groups.  The  dry  habitat  types  are 
represented  by  Fire  Group  2  while  moist  sites  (usually 
ravines  and  north  slopes)  are  included  in  Fire  Group  3. 
Both  groups  respond  similarly  to  fire  in  the  Southeast 
Plains  Region. 

Presettlement  fire  frequencies  in  southeastern  Mon- 
tana have  not  been  determined.  Work  in  comparable  pine 
types  in  the  Black  Hills  compiled  by  Crane  (1982)  sug- 
gests frequencies  of  13  to  31  years. 


On  the  dry  forest  sites,  fire  maintained  open 
ponderosa  pine  stands  and  suppressed  establishment  of 
trees  on  adjacent  grasslands.  Livestock  grazing  and  the 
absence  of  fire  have  allowed  the  open  forests  to  thicken, 
while  former  grasslands  have  become  forested  as  a  result 
of  ponderosa  pine  invasion  (plate  85).  Crown-sprouting 
shrubs  such  as  snowberry,  which  occupy  moist  sites, 
were  apparently  in  good  condition  in  earlier  years.  It  ap- 
pears that  grazing  and  the  long  absence  of  fire  resulted 
in  the  deterioration  of  snowberry. 

Ponderosa  pine  stands  on  moist  habitat  types  seem  to 
have  been  kept  open  by  frequent  low-intensity  surface 
fires.  These  sites  have  good  potential  for  supporting 
shrubs.  Frequent  fire  promoted  crown  sprouting  but 
may  have  been  too  frequent  in  some  areas  to  allow  full 
development.  The  absence  of  fire  allowed  shrubs  to  reach 
full  potential;  but  with  extended  periods  without  fire, 
crown  closure  of  overstory  trees  has  resulted  in  a  decline 
in  shrub  condition  (plate  86). 
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Southeast  Plains  Region  Plates 


Plate  82a  (ca.  1920)  Mahogany  Fire  Group.  Elevation  3,300  ft  (1  006  m) 

Looking  south-southwest  toward  the  mouth  of  the  Bighorn  Canyon  about  0.5  miles  west  of  Fort  Smith, 

Mont.  Two  thousand  cattle  are  gathered  on  a  grassland  bench  recently  dusted  by  snow.  Primary  shrub 

cover  on  far  slopes  is  curlleaf  mountain-mahogany. 

Photograph  by  E.  Kopac,  courtesy  Library  of  Congress. 


I 

Plate  82b  (July  10,  1981)  About  60  years  later 

Current  scene  contrasts  with  early  landscape  by  presence  of  Yellowtail  Dam,  powerlines,  and  highway. 
The  once  open  bench  now  supports  a  few  widely  scattered  trees.  Curlleaf  mountain-mahogany  on  near 
slope  at  right  are  more  dense  than  formerly,  while  distant  slopes  on  left  show  a  reduction  in  mahogany 
as  a  result  of  highway  construction. 
Photograph  by  R.  F.  Wall. 
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Plate  83a  (June  25,  1886) 


Sagebrush/Grass  Fire  Group.  Elevation  3,100  ft  (945  m) 

A  north-northeast  view  of  Major  Reno's  retreat  crossing  of  the  Little  Bighorn  River  adjacent  to  Custer 
Battlefield.  Young  cottonwood  trees  occupy  foreground.  Bottomland  shrub  cover  appears  to  be 
predominantly  Wyoming  big  sagebrush,  while  slopes  support  Rocky  Mountain  juniper  and  shrubs. 
Photograph  111  SC  94056  by  J.  F.  Berry,  courtesy  National  Archives. 
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Plate  83b  (July  2,  1981)  95  years  later 

Camera  is  on  edge  of  cultivated  field  behind  original  camera  point.  A  few  cottonwoods  in  foreground 

grew  into  large  trees.  Sagebrush  continues  to  predominate  on  bottomland.  Vegetation  of  slopes  appears 

much  the  same  except  for  establishment  of  juniper  in  draws. 

Photograph  by  R.  F.  Wall. 
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Plate  84a  (June  25,  1886)  Sagebrush/Grass  Fire  Group.  Elevation  3,300  ft  (1  006  m) 

Looking  south-southwest  at  posts  marking  locations  where  soldiers  died  during  Custer's  last  stand  10 
years  earlier,  Custer  Battlefield  National  Monument.  Ground  cover  in  foreground  and  midground  is  an 
association  of  perennial  grasses  and  Wyoming  big  sagebrush.  The  Little  Bighorn  River  flows  through 
bottomlands  below. 
Photograph  165-FF-6D-1  by  J.  F.  Barry,  courtesy  of  National  Archives. 
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Plate  84b  (July  2,  1981)  95  years  later 

Foreground  has  been  protected  from  livestock  grazing  for  about  80  years.  Though  relocation  of  camera 

point  is  not  precise,  scene  does  suggest  an  increase  in  herbaceous  cover  and  reduction  in  sagebrush. 

Cottonwoods  below  on  Little  Bighorn  River  are  more  dense. 

Photograph  by  R.  F.  Wall. 
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Plate  85a  (May  27,  1946)  Fire  Group  2:  Warm-dry  ponderosa  pine.  Elevation  4,000  ft  (1  220  m) 

View  is  south-southeast  in  the  Ekalaka  Hills,  Custer  National  Forest,  about  1  mile  north  of  the  A. 
Peabody  Ranch.  Photo  was  taken  for  purposes  of  recording  encroachment  of  ponderosa  pine  into 
grasslands  and  camera  point  marked  by  iron  stake.  Dark  shrubs  in  midground  are  snowberry.  Condition 
of  vegetation  suggests  that  livestock  had  not  grazed  this  locality  at  time  photograph  was  taken. 
USFS  photograph  439987  by  K.  D.  Swan  and  S.  Eckert. 
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Plate  85b  (July  1,  1981)  35  years  later 

Scene  approximates  original  due  to  removal  of  iron  stake  reference  point.  Absence  of  wildfire  has  allowed 

ponderosa  pine  to  occupy  former  grasslands  which  have  been  subjected  to  intense  grazing.  Snowberry 

in  center  of  photo  has  deteriorated  over  the  past  35  years. 

Photograph  by  R.  F.  Wall. 
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Plate  86a  (1917)  Fire  Group  3:  Warm-moist  ponderosa  pine.  Elevation  3,800  ft  (1  159  m) 

This  south-southeast  view  shows  the  Lantis  sawmill  located  about  6  miles  south  of  Ekalaka,  Mont.,  on 
the  Custer  National  Forest.  Two  age  classes  of  ponderosa  pine  are  evident  on  slope  in  distance. 
Forest  Service  photograph,  photographer  unknown. 


Plate  86b  (July  1,  1981)  64  years  later 

Site  occupied  by  sawmill  is  now  densely  covered  by  a  variety  of  herbs  and  shrubs.  Deciduous  shrubs 

and  trees  include  snowberry,  hawthorn,  wild  plum,  aspen,  and  mountain  ash.  Ponderosa  pine  overstory 

has  been  harvested. 

Photograph  by  R.  F.  Wall. 
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INTERPRETATION  AND 
MANAGEMENT  IMPLICATIONS 

This  study  provides  visual  evidence  of  vegetative  and 
cultural  changes  during  the  period  1871-1982.  None  of 
the  early  photographs  were  taken  before  settlement,  but 
several  depict  conditions  during  the  early  stages  of 
settlement  when  the  impacts  of  European  man  were 
minimal.  A  large  number  of  the  early  photographs  show 
postsettlement  impacts  including  the  effects  of  livestock 
grazing,  mining,  and  logging. 

Fire  and  Vegetation 

The  photo  record  shows  that  early  stages  of  plant  suc- 
cession were  more  common  on  Montana  and  Idaho  land- 
scapes in  the  period  from  1870-1940  than  today.  Moist 
coniferous  forests  exhibited  fire  mosaics  of  young 
growth  interspersed  within  mature  forests.  In  drier 
forest  types,  stands  were  quite  open.  Rangelands  had  a 
"smoother"  appearance,  with  continuous  grass  cover  and 
fewer  shrubs  and  trees  than  in  recent  times. 

Most  early  photographs  show  evidence  of  wildfire. 
Early  narratives  document  wildfires  in  various  regions  of 
Montana  and  Idaho,  and  studies  of  fire  scar  patterns 
have  recorded  the  dates  of  many  fires.  The  data  show 
that,  except  for  double  burns  in  northern  Idaho,  fires 
were  infrequent  (50  to  250  years)  in  cool,  moist  forest 
habitat  types.  Warm-dry  and  cool-dry  forest  habitat 
types  and  range  types  burned  frequently  (5  to  40  years). 

Historically,  the  effect  of  fire  on  vegetation  varied  by 
region.  In  moist  forest  habitat  types  in  northern  Idaho, 
western  Montana,  and  at  higher  elevations  elsewhere  in 
Montana,  infrequent  surface  or  stand-replacing  fires 
thinned  the  forest  and  produced  openings.  This  process 
resulted  in  early  successional  vegetation  where  shrubs 
and  herbs  flourished.  Aspen  was  particularly  well 
represented.  In  contrast,  in  dry  habitat  types  frequent 
surface  fires  inhibited  development  of  shrubs  and  con- 
ifers and  favored  grasses.  The  net  result  was  a  landscape 
that  supported  fewer  shrubs  and  trees. 

European  settlement  ultimately  resulted  in  a  marked 
reduction  in  frequency  and  extent  of  wildfire's  influence 
on  the  landscape.  Cultural  practices  including  road 
building  and  development  of  irrigated  pastures  broke 
fuel  continuity.  Introduction  of  domestic  livestock  on 
rangelands  resulted  in  yearly  consumption  of  fine  fuels 
that  formerly  allowed  fires  to  carry  over  extensive  areas. 
Indian  ignitions  were  eliminated  by  relocating  tribes  to 
reservations.  Fire  suppression  became  truly  organized  in 
the  1930's,  which  brought  the  prompt  extinguishing  of 
small  fires  that  had  potential  to  reach  large  size. 

Vegetation  has  changed  significantly  because  of  the 
marked  reduction  in  acreage  burned.  As  photo-retakes  of 
these  scenes  show,  the  most  striking  change  has  been 
the  widespread  increase  in  distribution  and  density  of 
conifers.  In  moist  habitat  types,  this  has  resulted  in  tree 
canopy  closure  that  intensified  competition  with  early 
successional  herbs  and  shrubs.  This  change  is  subtle 
because  it  occurs  slowly.  Long-term  consequences  in- 
clude deterioration  and  loss  of  some  important  wildlife 
habitats.  The  decline  in  condition  of  aspen  has  been  of 
particular  importance.  These  trees  are  serai  on  most 


sites,  and  without  periodic  disturbances  deterioration  is 
inevitable. 

The  absence  of  fire  in  warm-dry  and  cool-dry  forest 
and  range  habitat  types  allowed  fire-sensitive  shrubs  in- 
cluding big  sagebrush,  bitterbrush,  and  curlleaf 
mountain-mahogany  to  increase.  Widespread  growth  and 
development  of  conifers  has  also  taken  place.  Conifer 
competition  and  biotic  factors  have  subsequently 
resulted  in  the  loss  or  decline  of  the  fire  sensitive  and 
other  shrubs  in  many  localities.  Perhaps  the  most  strik- 
ing change  has  been  the  encroachment  of  Douglas-fir  in- 
to former  grasslands  or  sagebrush/grass  types.  Exten- 
sive areas  that  formerly  supported  few,  if  any,  trees 
have  become  essentially  Douglas-fir  forests.  On  many 
sites  the  successional  sequence  has  been  bunchgrass 
followed  by  sagebrush,  which  was  subsequently  replaced 
by  Douglas-fir. 

Cutting  of  conifers  for  house  logs,  posts  and  poles, 
firewood,  mine  timbers,  railroad  ties,  and  small  logs  be- 
tween 1870  and  1920  was  also  instrumental  in  initiating 
changes  in  vegetation.  The  level  of  logging  varied 
regionally  depending  upon  availability  and  need.  In  some 
localities,  such  as  around  Butte  and  Helena,  extensive 
forests  were  cut  for  mine  timbers  and  fuel.  The  impact 
of  this  removal  was  particularly  severe  in  many  localities 
because  of  low  stand  density  following  earlier  fires.  In 
ranching  and  farming  regions,  heavy  cutting  occurred 
where  there  was  easy  access.  The  net  result  of  logging 
was  moderate  disturbance  of  the  soil  surface  and 
elimination  of  many  conifers  that  were  competing  with 
understory  plants  for  space.  It  appears  that  this  distur- 
bance was  favorable  for  establishment  and  growth  of 
understory  plants  that  flourished. 

Fire  and  Wildlife 

This  historical  perspective  shows  that  fire  was  former- 
ly a  major  disturbance  to  vegetation.  Vegetative  pat- 
terns resulting  from  these  fires  were  optimal  for  some 
wildlife  species,  but  marginal  or  detrimental  for  other 
species.  Because  of  environmental  changes  and  current 
management  objectives,  historical  fire  regimes  will  not 
recur.  In  many  ecosystems  land  managers  may  not  want 
to  replicate  presettlement  conditions.  Nevertheless,  we 
should  know  the  role  fire  played  in  these  ecosystems  and 
the  consequences  of  using  or  not  using  fire  to  meet 
management  objectives. 

It  is  generally  accepted  that  wildfires  create  vegetative 
diversity  and  therefore  enhance  wildlife  habitat.  But 
because  of  the  wide  range  of  fire  environments  and  dif- 
fering responses  of  plants  to  fire  in  the  Northern 
Rockies,  fire  effects  on  wildlife  habitat  vary  con- 
siderably. From  research,  it  is  evident  that  infrequent 
fires  (50-  to  150-year  fire  interval)  in  moist  habitat  types 
benefit  elk  (Cervus  elapus  nelsoni),  ruffed  grouse  (Bonasa 
umbellus),  snowshoe  hares  (Lepus  americanus),  and  other 
species  whose  habitat  requirements  include  early  stages 
of  forest  succession  (Dimock  1974;  Leege  and  Hickey 
1977;  Scotter  1964).  Although  some  wildlife  species  such 
as  pine  marten  (Martes  americana)  and  cavity-nesting 
birds  that  require  mature  and  old-growth  forest  habitats 
are  displaced  and  sometimes  destroyed  by  wildfires, 
long-term  benefits  result  to  these  species  (Conner  1978; 
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Koehler  and  Hornocker  1977).  Periodic  fire  assures 
regeneration  of  important  serai  conifers  and  provides 
snags  and  downed  logs  on  which  these  and  other  species 
are  dependent. 

The  historical  influence  of  frequent  fire  on  dry 
ecosystem  wildlife  habitats  has  not  been  adequately 
studied.  It  seems  probable  that  grass-  and  forb-eating 
herbivores  (including  bison,  pronghorn  antelope  (An- 
tilocapra  americana),  and  bighorn  sheep  {Ovis  canaden- 
sis), without  strong  requirements  for  abundant  cover, 
were  favorably  influenced  by  the  results  of  fire.  We 
could  expect  that  fires  would  have  also  had  a  favorable 
influence  on  wintering  elk,  which  are  primarily  grass 
foragers  in  these  ecosystems  (Kirsh  1962;  Rouse  1957; 
Stevens  1966).  Small  mammals  including  deer  mice 
(Peromyscus  maniculatus)  and  ground  squirrels  (Sper- 
mophilus  spp.),  various  raptors,  and  sharp-tailed  grouse 
(Pediocetes  phasianellus)  dependent  on  or  associated 
with  grassy  habitats  would  have  been  benefited  by  fire 
(Amman  1957;  Baker  1940;  Davis  1976;  Dimock  1974; 
Kirsh  and  Kruse  1972).  Frequent  fires  in  montane 
forests,  forest/grassland  ecotones,  and  on  mountain 
slopes  and  benchlands  were  apparently  detrimental  to 
cover  dependent  species  such  as  cottontail  rabbits 
(Sylvilagus  spp.)  and  Brewer's  sparrows  (Spizella 
breweri).  Also  frequent  fires  inhibited  the  development  of 
shrubs  and  young  conifers  important  to  wintering  mule 
deer  (Odocoileus  hemionus)  and  whitetail  deer 
(Odocoileus  virginianus).  It  appears  that,  historically, 
mule  deer  were  largely  confined  to  breaks  and  rough  ter- 
rain where  shrubs  were  protected  from  fires.  Whitetail 
deer  frequented  riparian  bottomlands  that  were  less 
susceptible  to  frequent  fire. 

Wildlife  responses  to  changes  in  their  habitat  are 
largely  determined  by  species'  requirements  and  frequen- 
cy of  disturbance.  In  the  absence  of  fire,  advancing  suc- 
cession has  had  profound  effects  upon  the  capability  of 
habitat  to  support  wildlife.  For  example,  in  moist  West- 
Side  forest  habitat  types,  elk,  mule  deer,  whitetail  deer, 
bighorn  sheep,  and  other  herb-  and  shrub-dependent 
species  no  doubt  benefited  in  terms  of  food  and  cover 
during  early  stages  of  forest  succession.  In  deep  snow 
country,  where  trees  provide  critical  snow  interception 
and  thermal  cover,  optimum  habitat  may  not  have  been 
reached  for  30  years  or  more  after  fire.  But,  the  absence 
of  fire  for  50  years  or  more,  with  subsequent  conifer  en- 
croachment, canopy  closure,  and  deterioration  of  herbs 
and  shrubs  has  resulted  in  deterioration  of  big  game 
habitat  (Lyon  1966).  Successional  changes,  however, 
have  been  favorable  for  cavity-nesting  birds  that  require 
conifer,  aspen,  or  cottonwood  snags  for  nesting.  Advanc- 
ed successional  stages  supporting  conifers  are  also  essen- 
tial habitat  for  small  mammals,  including  redback  voles 
(Clethrionomys  spp.),  tree  squirrels  (Tamiasciurus  hud- 
sonicus),  and  pine  marten  (Gashwiler  1970;  Halvorson 
1981;  Koehler  and  Hornocker  1977).  Closure  of  the  forest 
canopy  has  been  detrimental  to  other  small  mammals 
and  birds  including  deer  mice,  snowshoe  hares,  ruffed 
grouse,  and  blue  grouse  {Dendragapus  obscurus)  (Bendell 
and  Elliott  1967;  Dimock  1974;  Fox  1978;  Gullion  1967; 
Hooven  1969). 


The  absence  of  fire  in  dry  West-Side  and  East-Side 
forest  and  range  habitat  types  has  allowed  successional 
development  to  proceed  further  than  was  possible  during 
presettlement  times.  During  earlier  stages,  diversity  ap- 
parently improved  in  this  vegetative  complex  because  of 
development  of  woody  plants  on  grassland  sites  and 
lightly  stocked  forests.  The  establishment  of  conifers 
and  fuller  development  of  fire-sensitive  sagebrush,  bitter- 
brush,  curlleaf  mountain-mahogany,  and  other  shrubs 
were  particularly  beneficial  to  mule  deer.  In  recent 
decades,  however,  further  successional  changes  have 
resulted  in  a  decline  and  loss  of  forage  plants  on  many 
of  these  sites.  Increased  cover  seems  to  have  benefited 
whitetail  deer  that  now  occupy  heavily  forested  areas 
(Gruell  and  others  1982).  These  areas  formerly  supported 
few  if  any  whitetails  and  apparently  were  marginal 
habitat  because  of  cover  limitations.  Increases  in  cover 
would  seemingly  benefit  elk  in  many  localities  where 
cover  has  been  limiting.  Development  of  trees  and 
shrubs  on  grasslands  and  lightly  stocked  forests  should 
favor  foliage  feeders  and  nesters  such  as  Brewer's  spar- 
row, mountain  chickadee  (Parus  gambeli),  and  ruby- 
crowned  kinglet  (Regulus  calendula).  Continued  long- 
term  succession  leading  to  continuous  forest  cover  would 
displace  grassland  species  including  the  vesper  sparrow 
(Pooecetes  gramineus).  Savannah  sparrow  (Passerculus 
sandwiehensis),  sharp-tailed  grouse,  and  whitetail 
jackrabbits  (Lepus  townsendii). 

Prescribed  Fire 

Ecologically,  fire  converts  vegetation  from  an  old 
stage  or  decadency  to  a  young  stage.  Fire  is  the  first 
and  oftentimes  essential  step  in  long-term  development 
of  vegetation.  Fire  effects  depend  upon  climate,  plant 
species  on  the  site,  and  the  fire  characteristics.  Fire 
severity  is  important  because  it  influences  plant  species 
composition  and  landscape  patterns.  A  severe  fire  will 
kill  many  plants,  but  it  also  allows  regeneration  of  other 
desirable  plants  that  require  a  seedbed  of  mineral  soil  for 
establishment.  Fire  can  be  used  to  improve  wildlife 
habitat  and  other  resources.  The  challenge,  however,  is 
to  see  that  application  of  fire  is  consistent  with 
demonstrated  needs  and  predictable  response. 

Use  of  prescribed  fire  to  improve  productivity  of 
wildlife  habitats  has  varied  among  forest  regions. 
Almost  all  the  effort  to  date  in  northern  Idaho  and  Mon- 
tana has  been  confined  to  forest  habitat  types  that  sup- 
port few  if  any  conifers.  By  far  the  largest  acreage 
treated  has  been  in  the  productive  serai  shrubfields  in 
warm-moist  habitat  types  of  northern  Idaho.  These 
shrubfields  largely  developed  following  large  wildfires 
between  1910  and  1935,  but  have  deteriorated  with  ad- 
vancing succession.  The  objective  of  burning  has  been  to 
improve  availability  and  palatability  of  shrubs  on 
southerly  exposures  by  killing  aerial  stems  and 
stimulating  crown  sprouting.  Ash  beds  on  mineral  soil 
from  some  of  the  hotter  burns  have  also  allowed 
establishment  of  shrub  seedlings. 

Prescribed  fire  has  been  utilized  east  of  the  Continen- 
tal Divide  in  localities  where  big  sagebrush  has  invaded 
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former  grasslands.  Most  of  this  burning  has  taken  place 
on  the  Beaverhead  National  Forest,  an  area  that  sup- 
ports some  of  the  most  extensive  successional  sagebrush 
stands  in  Montana.  Prescribed  fire  has  largely  replaced 
use  of  herbicides  and  has  resulted  in  reduction  of  big 
sagebrush  and  stimulation  of  herbaceous  plants.  Such 
conversion  has  enhanced  elk  spring  and  winter  ranges. 

Prescribed  burning  has  also  improved  spring  ranges 
utilized  by  mule  deer.  Some  prescribed  burns  have  had 
short-term  negative  effects  on  mule  deer  habitat  by 
removing  big  sagebrush,  an  important  winter  forage. 
There  are  widespread  opportunities  to  improve  the  long- 
term  productivity  of  big  game  winter  and  spring  ranges 
by  judicious  use  of  prescribed  fire.  Opportunities  are  evi- 
dent where  extensive  decadent  big  sagebrush  stands  are 
intermixed  with  deciduous  shrubs.  The  size  of  these 
burns  should  be  dictated  by  season  of  use  by  wildlife.  If 
cover  is  not  of  major  concern,  burns  on  spring  ranges, 
where  sagebrush  is  not  an  important  food  item,  could  be 
larger  than  those  on  winter  ranges. 

There  are  also  opportunities  to  use  fire  in  various  con- 
ifers. To  date,  most  effort  has  been  associated  with 
broadcast  and  pile  and  burn  treatments  on  commercial 
forest  lands  for  purposes  of  reducing  fuels  for 
silvicultural  purposes  (Noste  and  Brown  1981). 

Progress  is  being  made  applying  surface  fire  in  stan- 
ding timber.  Good  results  have  been  attained  where  lad- 
der fuels  have  not  been  excessive.  Over  20  year's  ex- 
perience in  using  surface  fire  beneath  ponderosa  pine, 
Douglas-fir,  and  larch  on  the  Rexford  Ranger  District, 
Kootenai  National  Forest,  has  resulted  in  considerable 
refinements  in  the  fire  prescription  and  application  (per- 
sonal communication,  George  Curtis  1982). 

Perhaps  the  greatest  challenge  for  use  of  prescribed 
fire  is  on  East-Side  bunchgrass  and  juniper  habitat 
types  that  have  been  invaded  by  Douglas-fir.  The 
Deerlodge  National  Forest  has  placed  these  warm-dry, 
and  cool-dry  habitat  types  in  the  noncommercial 
category  because  of  their  low  timber  producing  potential 
(less  than  20  ft3/acre  annually).  Here,  increased  distribu- 
tion of  early  successional  Douglas-fir  should  be  of  con- 
cern to  land  managers.  Thinning  of  tree  canopies  by  use 
of  prescribed  fire  is  appropriate,  and  reliable  prescrip- 
tions are  being  developed.  Past  prescribed  burning  ex- 
perience in  this  type  and  response  of  vegetation  to 
earlier  wildfires  provide  a  basis  for  formulating  prescrip- 


tions. It  is  evident  that  where  trees  are  dense  or  of  value 
(as  firewood,  posts  and  poles,  or  house  logs)  removal 
before  ignition  would  be  logical.  Leaving  unutilized 
material  could  enhance  fuels  and  allow  fires  to  carry 
across  areas  where  fuel  continuity  was  lacking.  These 
treatments  may  require  acceptance  of  short-term  set- 
backs to  achieve  long-term  benefits  for  wildlife  habitat. 

A  large  percentage  of  wildlife  habitat  in  the  mountains 
is  located  in  moist  Douglas-fir  habitat  types  and  cool 
habitat  types  dominated  by  lodgepole  pine  that  are 
usually  classified  as  commercial  forests.  These  habitat 
types  have  a  high  potential  for  production  of  shrubs  and 
herbs  during  early  and  middle  stages  of  succession. 
Aspen  are  a  major  component  in  various  localities.  Past 
logging  practices  on  these  lands  have  been  both 
detrimental  and  beneficial  for  wildlife.  The  principal 
detrimental  effect  has  been  that  of  building  roads  that 
have  provided  increased  access  of  people.  Elk  use  of 
clearcuts  has  been  severely  depressed  by  the  presence  of 
roads  and  inadequate  cover  at  the  edge  of  openings 
(Lyon  and  Jensen  1980).  Where  roads  have  been  closed, 
removal  of  timber  has  enhanced  wildlife  habitat  by 
allowing  elk  to  utilize  early  successional  plants. 

There  are  widespread  opportunities  to  utilize  logging 
and  prescribed  fire  to  improve  wildlife  habitat  on  com- 
mercial forest  lands.  Land  managers  and  resource 
specialists  should  become  familiar  with  such  oppor- 
tunities in  their  area  of  concern.  Priority  areas  include 
aspen/conifer  associations  where  aspen  has  deteriorated 
as  a  result  of  successional  changes.  Wildlife  biologists 
working  with  silviculturists  have  an  opportunity  to  iden- 
tify priority  areas  and  the  type  of  treatments  that  will 
yield  the  best  results.  Planning  for  wildlife  concerns  and 
fire  concerns  would  determine  placement  of  harvested 
blocks  and  access  roads  to  facilitate  use  of  broadcast 
burning.  Fire  should  be  an  essential  part  of  the  prescrip- 
tion. For  example,  it  would  create  a  seedbed  of  mineral 
soil  that  would  allow  regeneration  of  pioneering  species 
like  Scouler  willow  and  evergreen  ceanothus. 

A  long-term  increase  in  conifers  and  a  decline  in  herbs, 
shrubs,  and  deciduous  trees  is  an  undesirable  trend  in 
wildlife  habitat.  Control  of  conifer  growth  by  timber 
harvests  and  prescribed  fire  can  be  a  powerful  means  of 
achieving  productive  wildlife  habitat.  A  major  challenge 
in  managing  wildlife  habitat  is  bringing  about  a  proper 
mix  of  young  and  old  successional  stages. 
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APPENDIX  I.  FIRE  GROUPS 
Juniper  Fire  Group 

The  Juniper  Fire  Group  is  dominated  by  Rocky  Moun- 
tain juniper.  It  is  found  locally  in  the  North-Central  and 
South-Central  Regions  in  pure  stands  or  in  association 
with  scattered  limber  pine  or  Douglas-fir.  The 
understory  is  often  sparse  being  comprised  mostly  of 
grasses  and  dry  site  forbs.  Big  sagebrush  is  often  a  ma- 
jor understory  shrub.  Sites  occupied  by  juniper  are  dry, 
often  being  exposed  bluffs,  rocky  outcrops,  and  rocky 
southern  exposures  where  most  conifers  are  unable  to 
exist. 

Sagebrush/Grass  Fire  Group 

The  Sagebrush/Grass  Fire  Group  is  widely  distributed 
on  nonforested  lands  (Mueggler  and  Stewart  1980).  A 
large  majority  of  the  sagebrush  component  is 
nonsprouting  mountain  big  sagebrush  and  Wyoming  big 
sagebrush.  Mountain  big  sagebrush  predominates  in  the 
North-Central  and  South-Central  Regions,  while  Wyom- 
ing big  sagebrush  is  the  common  sagebrush  in  the 
Southeast  Plains  Region.  Great  Basin  big  sagebrush,  the 
largest  of  the  big  sagebrush  subspecies,  is  of  limited 
distribution. 

The  composition  and  density  of  grasses  and  forbs 
associated  with  big  sagebrush  varies  considerably 
because  of  site  differences.  On  drier  sites,  big  sagebrush 
often  grows  in  association  with  grasses,  while  forbs  and 
other  shrubs  are  less  common.  Where  soil  moisture  is 
good,  sagebrush  is  usually  mixed  with  varying  quan- 
tities of  herbs.  Crown-sprouting  shrubs  and  aspen  are 
significant  components  on  local  moist  sites. 

The  historical  distribution  of  sagebrush  in  Montana 
has  not  been  clearly  defined.  Early  narratives  and  site 
potential  evaluations  suggest  it  has  been  a  natural  domi- 
nant (climax)  on  some  sites.  On  others  it  appears  to  be 
successional  (invader)  (Morris  and  others  1976). 

Curlleaf  Mountain-Mahogany  Fire  Group 

The  Curlleaf  Mountain  Mahogany  Fire  Group  is 
restricted  to  small  isolated  stands  on  local  sites  in  all 
regions  except  the  northern  portion  of  the  West-Side  and 
North-Central  Regions.  Stands  are  often  on  dry,  rocky, 
steep  slopes  with  westerly  exposures.  Best  development 
is  in  the  South-Central  Region  where  stands  may  be  20 
acres  (8  ha)  or  more. 

Site  characteristics  vary  regionally.  Stands  at  low 
elevations  in  the  Bitterroot  Valley  and  the  Big  Belt 
Mountains  are  associated  with  ponderosa  pine.  Those 
elsewhere  are  either  associated  with  Douglas-fir  or 
limber  pine  or  are  on  nonforested  sites  where  surface  soil 
moisture  deficiencies  preclude  conifers.  These  stands  are 
typically  dominated  by  mahogany  with  bunchgrass 
understories  of  varying  cover  development  that  fit  the 
Cercocarpus  ledifolius/Agropyron  spicatum  habitat  type 
(Mueggler  and  Stewart  1980). 


Curlleaf  mountain-mahogany  is  a  fire-sensitive  species 
that  has  a  low  potential  to  regenerate  vegetatively. 
Nevertheless,  sprouts  do  occur  on  stems  that  survive 
fire,  and  fire  scars  may  form  on  partially  killed  stems. 
Stands  usually  regenerate  by  seeds  that  have  rather 
short  2-  to  3-year  viability.  Many  curlleaf  mountain- 
mahogany  stands  in  Montana  appear  to  be  uneven  aged 
(Duncan  unpublished;  Lonner  unpublished). 

Fire  Group  1 — Dry  Limber  Pine  Habitat 
Types 

Fire  Group  1  habitat  types  occupy  some  of  the  driest 
sites  capable  of  supporting  trees.  With  few  exceptions, 
this  group  is  found  east  of  the  Continental  Divide. 
Stands  are  usually  dominated  by  limber  pine  but  can  in- 
clude considerable  Douglas-fir,  Rocky  Mountain  juniper, 
and  common  juniper. 

Group  1  stands  are  best  developed  in  the  foothills 
along  the  Rocky  Mountain  front  on  the  edge  of  the 
Great  Plains  in  north-central  Montana.  Stands  are  also 
widely  dispersed,  oftentimes  being  restricted  to  steep, 
rocky  slopes  at  lower  to  middle  elevations  in  the  North- 
Central  and  South-Central  Regions.  Bluebunch 
wheatgrass  dominates  the  understory  at  lower  elevations 
on  drier  sites.  With  increasing  moisture,  either  Idaho 
fescue  or  rough  fescue  predominate.  Because  of  low  soil 
moisture,  shrub  production  is  inherently  low. 

Fire  Group  2 — Warm-Dry  Ponderosa  Pine 
Habitat  Types 

Fire  Group  3— Warm-Moist  Ponderosa 
Pine  Habitat  Types 

Fire  Groups  2  and  3  are  found  in  the  North-Central, 
Southeast  Plains,  and  West-Side  Regions.  Fire  Group  2 
habitat  types  consist  of  ponderosa  pine  stands  with  a 
predominantly  grass  understory.  Sites  are  typically  hot, 
dry,  south-  and  west-facing  slopes  at  low  elevations, 
forming  the  lower  timberline.  These  are  habitats  that 
formerly  existed  as  open  ponderosa  pine  stands  on  fire- 
maintained  grassland.  Today  they  support  ponderosa 
pine  in  varying  density.  Stands  are  oftentimes  extensive 
on  flats  and  rolling  terrain.  Moisture  stress  is  a  critical 
factor  for  plant  growth  during  summer  months.  Because 
of  this  the  potential  for  shrub  development  is  low. 

Fire  Group  3  habitat  types  are  more  moist  and  slight- 
ly cooler  than  Group  2.  They  are  usually  found  in 
ravines  or  on  north  slopes  where  the  availability  of  soil 
moisture  is  higher.  Because  of  better  growing  conditions, 
these  sites  have  good  potential  for  production  of  shrubs 
and  ponderosa  pine.  Rocky  Mountain  juniper  can  also 
compete  successfully.  Ponderosa  pine  stand  structure 
varies  from  dense,  doghair  stands  to  those  that  appear 
to  be  all  aged,  with  scattered  regeneration  or  even  two 
or  three  size  classes  (Pfister  and  others  1977). 
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Fire  Group  4 — Warm-Dry  Douglas-Fir 
Habitat  Types 

Fire  Group  4  consists  of  droughty  Douglas-fir  habitat 
types  that  are  favorable  for  production  of  bunchgrasses. 
These  types  are  largely  found  in  the  West-Side  and 
North-Central  Regions.  Ponderosa  pine  usually  occurs  as 
a  major  serai  or  climax  associate  at  lower  elevations.  At 
higher  elevations  in  the  upper  Clark  Fork  and  east  of 
the  Continental  Divide,  ponderosa  pine  are  absent  and 
Douglas-fir  is  the  major  conifer. 

The  understory  is  usually  sparse  because  of  low 
available  surface  moisture.  Major  herbs  include 
bluebunch  wheatgrass,  rough  and  Idaho  fescue, 
pinegrass,  arrowleaf  balsamroot,  western  gromwell, 
junegrass,  and  spreading  dogbane.  Shrubs  may  include 
common  snowberry,  kinnikinnick,  white  spiraea,  bitter- 
brush,  sagebrush,  chokecherry,  serviceberry,  and  com- 
mon juniper.  On  the  East-Side,  Rocky  Mountain  juniper 
may  be  a  minor  climax  species  on  PSME/AGSP  h.t.'s, 
and  accidental  limber  pine  may  occur. 

Fire  Group  5 — Cool-Dry  Douglas-Fir 
Habitat  Types 

Fire  Group  5  habitat  types  support  Douglas-fir  during 
all  stages  of  succession.  They  are  found  in  all  regions  ex- 
cept the  Southeast  Plains.  These  sites  are  generally  too 
dry  for  lodgepole  pine  and  too  cold  for  ponderosa  pine. 
Stand  age  and  density  vary.  Most  stands  are  less  than 
120  years  old.  On  north-  and  northeast-facing  slopes, 
however,  dense  stagnant  stands  have  developed  in  the 
absence  of  fire. 

The  understory  in  most  Group  5  habitat  types  is 
primarily  comprised  of  forbs  and  grasses.  Representative 
forbs  include  pussytoes,  heartleaf  arnica,  timber 
milkvetch,  arrowleaf  balsamroot,  virginsbower, 
strawberry,  sweet  cicely,  cleftleaf  groundsel,  and  western 
meadowrue.  Common  grasses  include  bluebunch 
wheatgrass,  pinegrass,  elk  sedge,  Idaho  fescue,  rough 
fescue,  Wheeler  bluegrass,  and  spike  trisetum.  Shrubs 
are  a  minor  component.  Representative  species  include 
big  sagebrush,  common  juniper,  wax  currant,  russet 
buffaloberry,  white  spiraea,  and  mountain  snowberry. 

Fire  Group  6— Moist  Douglas-Fir  Habitat 
Types 

Fire  Group  6  habitat  types  occur  in  all  regions  except 
the  Southeast  Plains  at  elevations  of  slightly  less  than 
5,000  ft  (1  525  m)  to  about  7,000  feet  (2  135  m).  This  fire 
group  is  dominated  by  Douglas-fir,  which  is  both  climax 
and  a  vigorous  member  of  serai  communities.  It  is  not 
uncommon  for  Douglas-fir  to  dominate  all  stages  of  suc- 
cession on  Group  6  sites.  Lodgepole  pine  is  a  major  serai 
component.  Whitebark  pine  is  usually  well  represented 


at  upper  elevations  and  limber  pine  is  common  on 
limestone  substrates  on  PSME/PHMA-PHMA  sites  in 
the  South-Central  Region. 

Understory  plant  composition  will  vary  by  habitat 
type  and  phase.  Because  of  abundant  surface  moisture, 
shrubs  and  moist  site  forbs  are  common.  Pinegrass, 
beargrass,  and  elk  sedge  predominate  on  most  sites. 

Common  shrubs  include  ninebark,  common  snowberry, 
white  spiraea,  oceanspray,  blue  huckleberry,  grouse 
whortleberry,  kinnikinnick,  twinflower,  and  common 
juniper.  Aspen  and  willow  are  also  represented  on  many 
sites. 

Fire  Group  9 — Moist,  Lower  Subalpine 
Habitat  Types 

Fire  Group  9  is  found  in  the  cooler  sites  in  all  regions 
except  the  Southeast  Plains.  These  habitat  types  repre- 
sent a  wide  range  of  conditions  in  the  subalpine  and 
spruce  series.  They  are  most  widely  represented  in  the 
West-Side  and  North-Central  Regions. 

Fire  Group  9  habitat  types  support  a  variety  of  con- 
ifers. Subalpine  fir  is  the  major  climax  dominant.  Stands 
usually  include  Douglas-fir,  lodgepole  pine,  and  larch  as 
major  serai  components.  Western  white  pine  is  also  a 
persistent  serai  component  of  many  stands.  Engelmann 
spruce  functions  as  a  resistant  serai  species  on  the  more 
moist  sites. 

A  wide  variety  of  plants  occur  in  the  understory  of 
Fire  Group  9  habitat  types.  The  more  common  grass  and 
grasslike  plants  include  bluejoint,  pinegrass,  elk  sedge, 
and  beargrass.  Widely  distributed  forbs  include 
broadleaf  arnica,  heartleaf  arnica,  queencup  beadlily, 
sidebells  pyrola,  and  darkwoods  violet.  Some  of  the  more 
common  shrubs  are  smooth  menziesia,  Sitka  alder,  prick- 
ly currant,  thimbleberry,  white  spiraea,  and  blue 
huckleberry. 

Fire  Group  11— Warm-Moist  Grand  Fir, 
Western  Redcedar,  and  Western 
Hemlock  Habitat  Types 

This  group  is  a  collection  of  warm,  moist  habitat 
types,  occurring  on  moist  valley  bottoms,  benches, 
ravines,  and  protected  exposures  in  the  West-Side 
Region.  Grand  fir,  western  hemlock,  and  western 
redcedar  are  primary  tree  species.  Associated  trees  in- 
clude Douglas-fir,  western  larch,  lodgepole  pine, 
ponderosa  pine,  western  white  pine,  subalpine  fir,  and 
spruce. 

Understory  plants  include  a  rich  assortment  of  herbs 
and  shrubs  that  predominate  for  several  decades  after 
disturbance.  Understory  plants  degenerate  following 
forest  canopy  closure.  Stands  in  advanced  succession 
contain  mostly  shade  tolerant  herbs,  and  understory 
biomass  is  generally  reduced. 
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APPENDIX  II.  PLANTS  DISCUSSED  IN  TEXT 


Common  name 


Scientific  name 


Common  name 


Scientific  name 


TREES 


Grand  fir 
SubaJpine  fir 
Rocky  Mountain  juniper 
Western  larch 
Engelmann  spruce 
Whitebark  pine 
Lodgepole  pine 
Limber  pine 
Western  white  pine 
Ponderosa  pine 
Douglas-fir 
Western  redcedar 
Western  hemlock 
Mountain  hemlock 

SHRUBS  AND 

Mountain  maple 

Sitka  alder 

Serv  iceberry 

Kinnikinnick 

Silver  sagebrush 

Great  Basin  big  sagebrush 

Mountain  big  sagebrush 

Wyoming  big  sagebrush 

Black  sagebrush 

Threetip  sagebrush 

Water  birch 

Evergreen  ceanothus 

Dogwood 

Hawthorn 

Curlleaf  mountain-mahogany 

Oceanspray 

Common  juniper 

Twinflower 

Smooth  menziesia 

Mockorange 

Ninebark 

Shrubby  cinquefoil 

Cottonwood 

Narrowleaf  cottonwood 

Aspen 

Wild  plum 

Chokecherry 

Bitterbrush 

Skunkbush 

Wax  currant 

Prickly  currant 

Rose 

Thimbleberry 

Scouler  willow 

Russet  buffaloberry 

Mountain  ash 

White  spiraea 

Common  snowberry 

Mountain  snowberry 

Blue  huckleberry 

Grouse  whortleberry 


Abies  grandis 
Abies  lasiocarpa 
Juniperus  scopulorum 
Larix  oecidentalis 
Pieea  engelmannii 
Pinus  albicaulis 
Pinus  contorta 
Pinus  flexilis 
Pinus  monticola 
Pinus  ponderosa 
Pseudotsuga  menziesii 
Thuja  plicata 
Tsuga  heterophylla 
Tsuga  mortensiana 

SUBSHRUBS 

Acer  glabrum 
Alnus  sinuata 
Amelanchier  alnifolia 
Arctostaphylos  uva-ursi 
Artemisia  cana 
Artemisia  tridentata  tridenta 
Artemisia  tridentata  vaseyan 
Artemisia  tridentata 
wyomingensis 
Artemisia  nova 
Artemisia  tripartita 
Betula  oecidentalis 
Ceanothus  velutinus 
Cornus  stolonifera 
Crataegus  spp. 
Cercocarpus  ledifolius 
Holodiscus  discolor 
Juniperus  communis 
Linnaea  borealis 
Menziesia  ferruginea 
Philadelphus  lewisii 
Physocarpus  malvaceus 
Potent  ilia  fruticosa 
Populus  spp. 
Populus  angustifolia 
Populus  tremuloides 
Prunus  americana 
Prunus  virginiana 
Purshia  tridentata 
Rhus  trilobata 
Ribes  cereum 
Ribes  lacustre 
Rosa  spp. 
Rubus  parviflorus 
Salix  scouleriana 
Shepherdia  canadensis 
Sorbus  scopulina 
Spiraea  betulifolia 
Symphoricarpus  albus 
Symphoricarpus  oreophilus 
Vaccinium  globulare 
Vaccinium  scoparium 


PERENNIAL  GRAMINOIDS 


Bluebunch  wheatgrass 

Smooth  brome 

Cheatgrass 

Bluejoint 

Pinegrass 

Elk  sedge 

Ryegrass 

Idaho  fescue 

Rough  fescue 

Junegrass 

Wheeler  bluegrass 

Spike  trisetum 


Agropyron  spicatum 
Bromus  inermis 
Bromus  tectorum 
Calamagrostis  canadensis 
Calamagrostis  rubescens 
Carex  geyeri 
Elymus  spp. 
Festuca  idahoensis 
Festuca  scabrella 
Koeleria  cristata 
Poa  nervosa 
Trisetum  spicatum 


PERENNIAL  FORBS 


Pussytoes 
Spreading  dogbane 
Heartleaf  arnica 
Broadleaf  arnica 
Timber  milkvetch 
Arrowleaf  balsamroot 
Virginsbower 
Queencup  beadlily 
Fireweed 
Strawberry 
Western  gromwell 
Lupine 

Sidebells  pyrola 
Cleftleaf  groundsel 
Western  meadowrue 
Darkwoods  violet 
Beargrass 


Antennaria  racemosa 
Apocynum  androsaemifolium 
Arnica  Cordifolia 
Arnica  la ti folia 
Astragalus  miser 
Balsamorhiza  sagittata 
Clematis  pseudoalpina 
Clintonia  uniflora 
Epilobium  angustifolium 
Fragaria  spp. 
Lithospermum  ruderale 
Lupinus  spp. 
Pyrola  secunda 
Smilacina  racemosa 
Thalictrum  occidentale 
Viola  orbiculata 
Xerophyllum  tenax 
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Gruell,  George  E.  Fire  and  vegetative  trends  in  the  Northern  Rockies:  interpreta- 
tions from  1871-1982  photographs.  Gen.  Tech.  Rep.  INT-158.  Ogden,  UT:  U.S. 
Department  of  Agriculture,  Forest  Service,  Intermountain  Forest  and  Range 
Experiment  Station;  1983.    I17p. 

Interprets  changes  in  forest  and  range  vegetation  resulting  from  the  absence 
of  fire.  Eighty-six  matched  photographs  covering  the  period  1871-1982  provide 
the  basis  for  describing  how  vegetation  has  changed  in  various  plant  com- 
munities. These  scenes  show  that  woody  vegetation  has  increased  markedly  as 
a  result  of  reduced  wildfire.  An  increase  in  conifers  and  deterioration  of  herbs, 
shrubs,  and  deciduous  trees  is  resulting  in  loss  of  habitat  upon  which  early  and 
midsuccessional  wildlife  species  depend.  Implications  on  wildlife  and  oppor- 
tunities for  use  of  cutting  and  prescribed  fire  to  improve  wildlife  habitat  are 
discussed. 


KEYWORDS:  forest  succession,  sagebrush/grass,  fire,  wildlife,  photographic 
record 


The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scientific 
knowledge  to  help  resource  managers  meet  human  needs  and  protect 
forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana,  Idaho, 
Utah,  Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85 
percent,  of  the  land  area  in  the  Station  territory  are  classified  as 
forest  and  rangeland.  These  lands  include  grasslands,  deserts, 
shrublands,  alpine  areas,  and  well-stocked  forests.  They  supply  fiber 
for  forest  industries;  minerals  for  energy  and  industrial  development; 
and  water  for  domestic  and  industrial  consumption.  They  also  provide 
recreation  opportunities  for  millions  of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  Univer- 
sity) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,    Montana    (in    cooperation    with    the    University    of 
Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 

Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 
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RESEARCH  SUMMARY 

This  report  describes  the  climate  of  Priest  River  Ex- 
perimental Forest,  in  the  northern  Idaho  panhandle. 
Primary  year-round  data  are  from  the  "control  station" 
located  at  its  present  site  near  Forest  headquarters 
since  1916.  The  analysis  includes  temperature  and 
precipitation  fluctuations  or  trends.  Further  details  are 
provided  by  fire-weather  data,  summarized  for  valley 
and  lookout  locations.  Topographic  and  local  site  dif- 
ferences in  climate  are  examined,  utilizing  data  ob- 
tained from  past  studies  in  the  Forest.  Climatic 
characteristics  at  Priest  River  are  found  to  apply  to 
much  of  the  Idaho  panhandle  area. 
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INTRODUCTION 

Established  in  1911,  the  Priest  River  Experimental 
Forest,  in  the  northern  Idaho  panhandle,  has  long  serv- 
ed as  a  field  laboratory  for  research  into  timber  manage- 
ment, genetic  improvement  of  trees,  forest  insects  and 
diseases,  forest  fire  hazard  and  control,  watershed 
management,  and  wildlife  habitat  (Wellner  1976).  (For 
brevity,  this  locale  will  also  be  referred  to  as  "Priest 
River,"  "the  Experimental  Forest,"  or  "the  Forest.") 
Throughout  this  time,  weather  data  have  been  collected 
to  gain  knowledge  about  the  relevant  weather  and 
climatic  factors.  Climate  and  weather  not  only  affect  the 
trees  directly,  acting  as  controls  on  their  growth  and  the 
distribution  of  forest  types,  but  also  influence  the  ef- 
fects of  fire,  insects,  and  diseases.  Many  of  the  studies 
at  Priest  River  up  to  1950  are  described  in  detail  by 
Wellner  and  others  (1951).  For  an  extensive  listing  of 
publications  reporting  research  results,  see  Wellner 
(1976). 

Studies  on  the  relationship  of  weather  or  climate  to 
fire  danger  and  occurrence  include  those  by  Larsen  and 
Delavan  (1922),  Gisborne  (1925,  1931),  and  Hayes  (1941). 
Relationships  between  climate  and  forest  types  or  cover 
are  presented  by  Jemison  (1934)  and  Larsen  (1930, 
1940).  In  the  field  of  watershed  management,  Packer 
(1962,  1971)  and  Haupt  (1979)  have  studied  the  effects 
of  altitude,  aspect,  and  forest  cover  on  snow  accumula- 
tion and  melt.  Additional  references  are  mentioned  and 
quoted  in  the  course  of  this  report. 

The  first  comprehensive  summary  of  Priest  River 
climatological  data  was  presented  by  Jemison  (1932a); 
tables  covering  50  years  of  data  were  prepared  by  Doty 
(1961).  The  present  report  updates  and  expands  upon 
these  summaries,  for  the  purpose  of  providing  informa- 
tion of  use  to  forest  researchers  and  managers  in  the 
Experimental  Forest  and  adjacent  areas;  climatic 
similarity  with  adjacent  northern  Idaho  is  examined. 
Topographic  and  local  site  variations  in  climate  are  in- 
cluded. This  report  does  not  cover  climate-related  or 
derivative  factors  such  as  soil  temperature,  evaporation, 
fuel  moisture,  and  fire-danger  indexes.  Measurements  of 
the  first  two  factors  have  been  largely  limited  to  earlier 
years  and  are  included  by  Jemison  (1932a). 

Because  our  objective  is  to  present  climatic  informa- 
tion, physical  or  technical  explanations  have  been  large- 
ly assigned  to  references.  Where  needed,  elementary 


background  knowledge  of  weather  and  climate  may  be 
gained  from  Schroeder  and  Buck  (1970);  Critchfield 

(1974). 

DESCRIPTION  OF  THE  AREA 

The  Priest  River  Experimental  Forest  is  located  12  air 
miles  (20  km)  north-northeast  of  the  town  of  Priest 
River,  Idaho,  in  the  Kaniksu  National  Forest  (fig.  1).  It 
covers  an  area  of  6,368  acres  (2  758  ha).  Latitude  is 
about  48°21'  N;  longitude,  mostly  116°45'  to  116°50'  W. 
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Figure  1.— Location  of  Priest  River  Ex- 
perimental Forest  (PREF),  Idaho,  and  adja- 
cent stations  mentioned  in  text. 


Situated  near  the  southern  end  of  the  Selkirk  Moun- 
tains, on  a  generally  westerly  slope,  the  Experimental 
Forest  has  an  elevational  range  from  about  2,220  ft  to 
nearly  6,000  ft  (675  to  1  825  m).  The  mountainous  ter- 
rain is  cut  by  Canyon  Creek  and  Benton  Creek,  leaving 
ridges  that  run  in  a  generally  east-west  direction  (fig.  2). 

The  Experimental  Forest  contains  most  of  the  forest 
cover  types  of  the  Northern  Rocky  Mountains.  The 
percentage-area  distribution  has  changed  with  time,  due 
to  cutting,  disease,  insects,  and  natural  succession. 
Western  white  pine  (Pinus  monticola)  was,  for  many 
years,  the  most  abundant  timber  type;  now  (Wellner 
1976)  the  dominant  types  are  western  larch-Douglas-fir 
(Larix  occidentalis-Pseudotsuga  menziesii)  and  Douglas- 
fir,  followed  by  western  hemlock-grand  fir  (Tsuga 


heterophylla-Abies  grandis)  and  subalpine  fir  (Abies 
lasiocarpa).  About  two-thirds  of  the  forest  cover  is  over 
100  years  old. 

Since  its  establishment,  there  have  been  no  large 
wildfires  within  the  Experimental  Forest  other  than  the 
Highlanding  Fire  in  1922  (Wellner  1976);  this  burned 
400  acres  (160  ha).  There  were  close  calls  from  the 
18,000-acre  (7  300-ha)  Quartz  Creek  Fire  in  1926 
(Gisborne  1927)  and  the  31,000-acre  (9  450-ha)  Freeman  I 
Lake  Fire  in  1931  (Jemison  1932b).  These  fires  came 
within  1  to  2  miles  of  the  Experimental  Forest.  The  Sun 
dance  Fire  in  1967  did  not  threaten  this  Forest  but  oc- 
curred as  close  as  7  miles  (11  km)  to  the  north;  it  burner, 
more  than  50,000  acres  (20  000  ha)  in  9  hours  (Anderson: 
1968). 
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Figure  2.— Topography  of  Priest  River  Experimental  Forest  and  locations  of  stations 
or  measurement  places  mentioned  in  text.  Elevation  contours  (labeled  in  hundreds 
of  feet)  are  drawn  at  500ft  (152-m)  intervals,  except  for  dashed  lines  at  100-ft  (30-m) 
intervals.  HQ  denotes  control  station  at  headquarters;  CC,  clearcut,  or  fire-weather 
station  site;  HC,  half-cut  site;  FT,  full-timbered  site;  BD,  Benton  Dam;  BS,  Benton 
Spring;  GIS,  Gisborne  Lookout;  EXP,  Experimental  Lookout.  27N,  27S,  38N,  38S,  55N, 
and  55S  are  altitude-aspect  station  sites  on  north  (N)  and  south  (S)  slopes  at  2,700, 
3,800,  and  5,500  ft  (825,  1  160,  and  1  675  m)  elevation.  BF  is  original  control  station 
(1912-16)  on  Benton  Flat;  SW  and  NE,  southwest  and  northeast  slope  stations  during 
same  years.  SC  denotes  end  points  of  Benton  Spring  snow  course  (dashed  line);  TR, 
transect  for  snow  studies.  Benton  Meadow  snow  course  is  in  HQ  vicinity. 


STATIONS;  DATA;  METHODS 

Station  locations,  past  and  present,  are  included  in 
figure  2.  The  year-round  data  summarized  in  this  report 
are  primarily  from  the  "control"  weather  station, 
located  near  the  Experimental  Forest  headquarters 
building  (figs.  3A  and  3B);  elevation  is  2,380  ft  (725  m). 
This  station  has  been  at  its  present  site  since  1916;  the 
original  control  station  was  0.25  mi  (0.4  km)  to  the  west- 
northwest— in  a  former  clearing  on  Benton  flat— at  a 
similar  elevation.  The  recorded  data  are  based  on  a 
24-hour  period  ending  at  5  p.m.  P.s.t.,  the  daily  observa- 
tion time.  Such  a  long,  continuous  record  at  the  same 
site  is  exceptional  in  the  Northern  Rocky  Mountains. 
There  has,  however,  been  some  change  in  the  immediate 
surroundings  due  to  growth  of  trees.  The  station  was  in 
the  center  of  a  clearing  in  earlier  years  (Jemison  1932a), 
but  now  the  forest  edge  is  much  closer. 

Most  of  the  control  station  data  through  1977  were 
obtained  from  a  magnetic  tape  provided  by  Dr.  Myron 
Molnau,  State  Climatologist,  University  of  Idaho, 
Moscow.  With  this  tape,  10-day  summary  tables  were 
produced  by  computer  programs  described  by  Bradshaw 
(1981).  Further  data  were  hand-tabulated  from 
"Climatological  Data"  monthly  summaries  for  Idaho, 
published  by  the  National  Oceanic  and  Atmospheric  Ad- 
ministration (NOAA)  and  predecessor  agencies  such  as 
the  U.S.  Weather  Bureau. 


The  year-round  precipitation  data  have  been 
augmented  by  measurements  at  two  additional  stations 
(figs.  4A  and  4B)— located  at  Benton  Dam  (2,650  ft 
[808  m])  and  near  Benton  Sp'ring  (at  4,775  ft  [1  455  m]); 
records  date  from  1941  and  1960,  respectively.  The 
amounts  at  Benton  Dam— from  a  weighing-type  record- 
ing gage— were  compiled  from  U.S.  Weather  Bureau 
(1964),  original  forms,  and  "Hourly  Precipitation  Data" 
summaries  published  for  Idaho.  The  amounts  for  Benton 
Spring— read  monthly  from  a  storage  gage— were  obtain- 
ed mostly  from  an  annual  publication,  "Storage-gage 
Precipitation  Data  for  the  Western  United  States," 
discontinued  in  1977.  More  recent  data  for  this  station 
and  Benton  Dam  were  provided  by  Priest  River  annual 
reports  (for  example,  Carpenter  1979)  and  personal  com- 
munication from  Mr.  Calvin  L.  Carpenter,  Superintend- 
ent of  Priest  River  Experimental  Forest. 

This  report  also  utilizes  monthly  snowpack  data- 
depth  and  water  content— from  snow-survey  courses  ad- 
joining Benton  Spring  and  Benton  Meadow  (near  the 
control  station),  published  by  the  Soil  Conservation  Ser- 
vice, as  well  as  streamflow  data  recorded  at  Benton 
Dam.  The  latter  were  obtained  from  Stage  (1957)  and 
the  Forestry  Sciences  Laboratory,  Moscow,  Idaho.  The 
year-round  monthly  temperature  averages  at  mountain- 
top  level  have  been  estimated  from  those  at  two  former 


Figure  3.— "Control"  weather  station,  Priest 
River  Experimental  Forest.  A:  Location,  near 
headquarters  building.  B:  Close-up  view; 
precipitation  gages  toward  left— weighing- 
type  gage  on  platform,  thermometer  shelter 
in  center. 


Figure  4.— Additional  stations  at  Priest  River 
Experimental  Forest.  A:  Benton  Dam 
precipitation  and  stream-gaging  station;  B: 
Benton  Spring  precipitation  gage,  storage 
type  with  wind  shield. 


stations— Mullari  Pass,  Idaho,  and  Mount  Spokane, 
Wash.— obtained,  respectively,  from  U.S.  Weather 
Bureau  (1964)  and  "Climatological  Data"  monthly  sum- 
maries for  Washington. 

Fire-Weather  Data 

Climatic  details  for  the  fire  season  were  obtained  from 
tapes  at  the  National  Fire-Weather  Data  Library,  Fort 
Collins,  Colo.  (Furman  and  Brink  1975),  used  with  the 
computer  programs  of  Bradshaw  (1981);  also  from 
original  fire-weather  observation  forms  filed  at  the 
Northern  Forest  Fire  Laboratory,  Missoula,  Mont.  The 
data  include  relative  humidity,  wind,  arid  lightning  ac- 
tivity, as  well  as  temperature  and  precipitation.  In  the 
Priest  River  valley  area,  the  fire-weather  data  base 
covers  the  months  May  through  October.  The  observa- 
tions were  begun  in  1922;  official  records  were  from  the 
control  station  until  1945,  thereafter  from  the  clearcut 
flammability-station  site  (Hayes  1941).  This  location 
(figs.  5A  and  5B)  is  2,800  ft  (850  m)  southwest  of  the 
control  station  arid  80  ft  (25  m)  lower  in  elevation. 
Observations  were  discontinued  in  1978.  Comparative 
data  have  been  summarized  for  the  continuing  fire- 
weather  (or  fire-danger  rating)  station  17  miles  (27  km)  to 
the  north-northwest  at  Priest  Lake  Ranger  Station  (fig. 
5C),  elevation  2,590  ft  (790  m);  the  station  was  located  4 
miles  (6  km)  further  north  prior  to  1964.  Until  about 
1970,  the  observation  season  at  Priest  Lake  generally 
covered  only  the  months  June  through  September. 

Fire-weather  data,  limited  to  July-August,  are  also 
summarized  for  Gisborne  Mountain  Lookout  (figs.  6A- 
D),  which  maintained  observations  from  1933  until  1978. 
(This  lookout  was  named  Looking  Glass  prior  to  1951.) 
Elevation  at  the  tower  base  is  5,595  ft  (1  706  m),  but 
the  weather  station  (except  for  wind  measurements)  was 
on  slightly  lower  ground  to  the  southeast.  The  moun- 
taintop  observations  were  originally  taken  at  Ex- 
perimental Lookout,  5,983  ft  (1  824  m),  which  was 
located  at  the  southeastern  tip  of  the  Forest,  1.4  miles 
(2.2  km)  from  Gisborne;  records  date  from  1917  (Larsen 
1922a)  to  1932. 

The  fire-weather  observation  time  was  at  4:30  or  5 
p.m.  P.s.t.  in  earlier  years  and  near  3  p.m.  from  about 
1950  through  1973,  after  which  it  was  changed  to  12 
noon.  The  respective  changes  were  made  in  accordance 
with  regional  and  national  standards.  Until  the  late 
1940's,  observations  were  also  made  in  the  morning  at  8 
a.m. 

Our  examination  of  topographic  and  local  site  varia- 
tions in  climate  utilized  recording  charts  from  former 
altitude-aspect  and  flammability  stations  (Jemison  1934; 
Hayes  1941;  Wellner  1976).  These  charts,  from  the 
1930's,  are  filed  at  the  Northern  Forest  Fire  Laboratory. 

Averages;  "Normals" 

Climatic  averages  presented  in  this  report  include 
those  for  standard  30-year  "normal"  periods,  as  adopted 
by  international  convention;  the  normal  values  are  revis- 
ed every  10  years.  The  30-year  length  tends  to  balance 
out  short-term  fluctuations,  but  actually  a  longer  period 
such  as  50  years  is  desirable  for  precipitation  (World 


Figure  5.— A  and  B:  Fire-weather  station  in 
clearcut  area,  Priest  River  Experimental 
Forest;  discontinued  in  1978.  View  toward 
southeast,  in  1966  (A);  site  as  it  appeared  in 
1982,  looking  north  (B).  C:  Fire-weather  sta- 
tion at  Priest  Lake,  Idaho,  at  airstrip  across 
road  from  Ranger  Station.  Wind  sock  and 
anemometer  are  on  pole  to  left  (south- 
southeast),  outside  of  picture. 


Figure  6.— Views  at  or  from  Gisborne  Mountain  Lookout,  Priest  River  Experimental 
Forest.  A:  Tower,  looking  west.  B:  Fire-weather  station,  discontinued  in  1978,  as  it 
appeared  in  1982.  Site  is  short  distance  southeast  of  tower.  C:  View  to  north,  show- 
ing Priest  Lake  and  Sundance  Mountain  (right).  D:  View  to  south. 


Meteorological  Organization  1967)  and  has  thus  been 
employed  here.  A  20-year  data  sample,  however,  has 
been  used  for  averages  (and  frequency  distributions)  for 
some  of  the  fire-weather  elements;  plotted  10-day  values 
have  been  smoothed.  This  shorter  length  is  based  on 
availability  of  data  at  an  unchanged  observation  time. 
In  other  cases,  adjustments  of  short-term  averages  to 
longer  (or  standard)  periods  have  been  made,  based  on 
the  "ratio  method"  for  precipitation  and  the  "difference 
method"  for  temperature.  These  methods,  described  fur- 
ther by  Oliver  (1973),  use  comparisons  with  adjacent 
stations  having  the  full  length  of  record. 

Detailed  listings  and  tabular  summaries  of  data  are 
given  in  the  appendix.  Further  climatic  details  for  Priest 
River  and  the  surrounding  northern  Idaho  area  may  be 
found  in  tables  presented  by  the  Pacific  Northwest 
River  Basins  Commission  (1968). 

CONDENSED  CLIMATIC  SUMMARY 

The  climate  of  the  Priest  River  area,  like  that  of  other 
places,  is  controlled  by  a  combination  of  large-scale  and 
small-scale  factors,  whose  effects  may  vary  with  the 


time  of  year.  The  large-scale  factors  here  include  lati- 
tude, relative  position  on  the  North  American  continent, 
prevailing  hemispheric  wind  patterns,  and  extensive 
mountain  barriers.  Small-scale  or  local  factors  include 
the  topographic  setting  and  position  (valley,  slope,  or 
ridge  location),  as  well  as  orientation  or  aspect,  and 
vegetative  cover.  Elevation  may  cover  various  scales. 

Broadly,  the  Priest  River-Idaho  panhandle  climate  is 
transitional  between  a  northern  Pacific  coastal  type  and 
a  continental  type.  The  Pacific  influence  is  noted  par- 
ticularly by  the  late  autumn  and  winter  maximum  in 
cloudiness  and  precipitation;  also  in  the  relatively 
moderate  average  winter  temperatures,  compared  with 
areas  east  of  the  Rocky  Mountains.  Summer  is 
characteristically  sunny  and  dry,  though  July  and 
August  are  the  only  distinct  summer  months.  July  and 
August  are  thus  also  the  peak  fire-danger  months. 

Annual  precipitation  (rain  and  melted  snow)  averages 
32  inches  (817  mm)  at  the  Forest  headquarters;  about  50 
inches  (1  270  mm)  at  locations  near  5,500  ft  (1  675  m) 
elevation.  Wettest  months  are  normally  November, 
December,  and  January.  Close  to  60  percent  of  the  an- 
nual total  occurs  during  the  period  November  through 


March.  A  slight,  secondary  peak  in  precipitation  normal- 
ly appears  in  May  and  June,  followed  by  a  sharp 
decrease  in  July.  Snowfall  accounts  for  more  than  50 
percent  of  the  total  precipitation  at  elevations  above 
4,800  ft  (1  460  m).  Snow  cover  usually  persists  in  the 
valley  from  early  December  through  the  end  of  March; 
seasonal  maximum  depth  averages  30  inches  (75  cm). 
High-elevation  snowpack  reaches  a  depth  of  5  ft  (1.5  m) 
or  more  in  March  and  April  and  may  linger  into  June. 

The  main  season  of  lightning  (or  thunderstorm)  activi- 
ty extends  from  late  May  through  August.  Storms  occur 
within  the  Priest  River  vicinity  on  an  average  of  3  or  4 
days  each  in  June,  July,  and  August. 

Monthly  mean  temperatures  at  headquarters  range 
from  24°  F  (-4°  C)  in  January  to  65°  F  (18°  C)  in  July; 
these  are  midpoint  values  between  the  average  daily 
maximum  and  minimum  temperatures  (based  on  a  5 
p.m.  observation  time).  The  annual  mean  is  44°  F  (7°  C). 
A  large  diurnal  range  occurs  in  summer,  with  July  max- 
imum temperatures  averaging  83°  F  (28°  C);  January 
maximums  average  30°  F  (-1°  C).  Site  differences  in  the 
valley,  as  related  to  coverage  by  timber  canopy,  can 
make  a  difference  of  close  to  10°  F  (6°  C)  in  summer- 
time diurnal  range.  Extreme  temperatures  have  been  as 
high  as  103°  to  105°  F  (about  40°  C)  and  as  low  as  -36° 
F  (-38°  C).  Temperature  inversions  are  commonplace, 
particularly  on  the  clear  summer  and  early  autumn 
nights.  The  July  mean  temperature  at  Gisborne  Lookout 
is  only  4°  F  lower  than  at  headquarters  (3,200  ft  [975  m] 
lower  in  elevation),  due  to  daily  minimums  averaging  4° 
F  higher. 

The  frost-free  season,  defined  as  the  period  with 
minimum  temperatures  staying  above  32°  F  (0°  C),  has 
an  average  length  in  the  valley  of  96  days  at  head- 
quarters but  only  65  days  in  a  clearcut  area  (at  the 
former  fire- weather  station);  close  to  120  days  under  a 
full  timber  canopy.  The  season  is  longer  at  adjacent 
slope  locations,  particularly  in  the  "thermal  belt" 
around  3,500  ft  (1  070  m),  but  is  less  than  100  days 
again  at  5,500  ft  (1  675  m). 

Relative  humidity  is  usually  high  throughout  the  day 
in  late  autumn  and  winter,  averaging  70  to  80  percent 
or  higher  in  midafternoon.  In  July  and  August,  after- 
noon values  average  near  35  percent  in  the  valley  and 
45  percent  at  5,500  ft.  Humidity  below  20  percent  was 
observed  in  the  clearcut  on  about  20  percent  of  the  days 
from  late  July  to  late  August.  Summer  nighttime 
humidity  in  the  valley  typically  recovers  to  over  90  or 
95  percent  by  dawn.  On  the  slopes  above  the 
temperature  inversion,  at  the  same  time,  humidity  may 
average  only  50  to  60  percent. 

Winds  in  this  area  have  a  prevailing  (most  frequent) 
direction  from  the  southwest  during  all  or  most  of  the 
year.  Local  terrain  effects  modify  the  larger-scale  wind 
that  occurs  in  the  adjacent  free  atmosphere.  A  night- 
time drainage  effect  is  indicated  in  the  headquarters 
area  by  a  prevailing  early  morning  wind  direction  from 
the  northwest  during  the  fire-weather  season.  Observed 
windspeeds  are  quite  low  throughout  the  year  in  the 
valley  area,  due  in  part  to  the  sheltering  by  surrounding 
timber.  Summer  afternoon  winds  at  20  ft  (6  m)  above 
ground  in  the  clearcut  average  3  to  4  mi/h  (5-6  km/h); 


nearby  above  the  treetops,  about  6  mi/h  (10  km/h);  at 
mountaintop  locations,  about  9  mi/h  (15  km/h). 

Two  summers  of  continuous  wind  recording  at 
Gisborne  Lookout  showed  highest  average  speeds 
around  midnight,  between  10  and  11  mi/h  (17  km/h);  a 
minimum  in  late  morning.  This  pattern  is  nearly  op- 
posite of  that  observed  in  the  valley. 

Sunshine  duration  is  at  a  minimum  in  December,  when 
it  may  average  only  20  percent  of  the  maximum  possi- 
ble, giving  a  monthly  total  of  about  50  hours;  this  is 
estimated  from  adjacent  stations.  July  has  close  to  80 
percent  of  the  maximum  possible,  with  about  375  hours 
of  sunshine  in  fully  exposed  locations. 

A  basic  statistical  summary  of  the  climate  is  given  in 
table  1. 

DETAILS  OF  THE  CLIMATE 

Precipitation 

ANNUAL  PRECIPITATION 

Annual  precipitation  (rain  and  melted  snow)  at  Forest 
headquarters  averages  32  inches  (817  mm),  based  on  the 
50  years  1931-80.  A  listing  of  the  monthly  and  annual 
amounts  for  each  year  of  record  is  given  in  table  14  (ap- 
pendix); successive  10-year  averages  and  30-year  nor- 
mals are  summarized  in  table  2.  Ten-day  averages  and 
extremes  are  shown  in  table  15  (appendix).  Water-year 
(October-September)  totals  have  ranged  from  17  inches 
(442  mm)  in  1976-77  to  47  inches  (1  188  mm)  in 
1973-74.  Ten-year  (decadal)  annual  averages  have  ranged 
from  26  inches  (650  mm)  during  1921-30  to  34  inches 
(861  mm)  during  1951-60.  A  40-year  comparison  shows 
annual  precipitation  averaging  about  2  percent  greater 
at  Benton  Dam,  1.3  miles  (2.1  km)  to  the  east. 

The  Benton  Spring  storage  gage,  near  4,800  ft  (1  460 
m),  indicates  a  relatively  small  elevational  increase  in 
precipitation,  with  the  annual  total  here  averaging 
37  inches  (950  mm).  The  Benton  Spring  snow  survey 
data,  however,  indicate  that  the  gage  catch  is  too  low. 
For  example,  the  average  snowpack  water  content  for 
1963-77  (latest  15-year  period  used  by  the  USDA  Soil 
Conservation  Service  for  comparative  purposes)  shows 
an  increase  of  5.6  inches  (142  mm)  during  January  and 
3.8  inches  (97  mm)  during  February;  the  corresponding 
average  precipitation  inside  the  gage  was  only  4.6  inches 
(117  mm)  and  2.9  inches  (75  mm),  respectively. 

Gage  catch  can  easily  be  reduced  by  wind  (Hayes 
1944)— particularly  in  the  case  of  snow  (Wilson  1954; 
Linsley,  Jr.  and  others  1958),  but  the  Benton  Spring 
gage  site  (fig.  4B)  is  rather  sheltered.  The  gage  itself  is 
equipped  with  a  standard  shield  to  reduce  wind  effects. 
A  possible  alternate  explanation  is  interception  of  wind- 
borne  snow  by  the  sheltering  trees.  On  the  snow  course, 
there  is  a  noticeable  variation  in  snowpack  between 
measuring  points  (from  which  an  average  is  obtained), 
although  this  is  attributed  to  differences  in  canopy 
situated  more  directly  overhead  (communication  from 
Calvin  L.  Carpenter).  An  adjustment  of  the  Benton 
Spring  precipitation,  as  described  below,  gave  an  annual 
average  of  42  inches  (1  070  mm). 

Much  heavier  precipitation  is  indicated,  by  snow 
surveys,  to  the  east  in  the  Schweitzer  Basin  ski  area, 
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Table  2.— Ten-year  (decadal)  and  30-year  "normal"  average  precipitation,  inches,  Priest  River  Experimental  Forest  control  station 


Period 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Decade 

1912-20 

3.79 

2.96 

2.77 

2.18 

2.55 

2.00 

1.34 

1.30 

1.97 

2.28 

4.30 

3.57 

31.01 

(9  years) 

1921-30 

3.43 

2.80 

1.90 

1.76 

1.62 

1.63 

.41 

1.25 

1.68 

2.45 

2.94 

3.76 

25.60 

1931-40 

4.52 

2.99 

2.90 

1.81 

1.26 

1.82 

.73 

.40 

1.46 

2.90 

3.55 

5.72 

30.05 

1941-50 

3.15 

3.01 

3.03 

2.18 

2.94 

3.28 

1.10 

.99 

1.88 

3.91 

4.00 

4.05 

33.52 

1951-60 

5.26 

3.41 

2.59 

2.09 

2.35 

2.71 

.88 

1.28 

1.46 

3.06 

4.22 

4.57 

33.88 

1961-70 

4.75 

2.81 

2.85 

1.97 

2.32 

2.17 

.83 

1.21 

1.64 

2.68 

4.27 

4.95 

32.47 

1971-80 

3.72 

3.29 

2.35 

1.99 

2.54 

1.60 

1.43 

1.88 

1.52 

1.57 

4.10 

5.00 

30.99 

30  Years 

1912-40 

3.92 

2.92 

2.51 

1.91 

1.78 

1.31 

.81 

.97 

1.69 

2.55 

3.57 

4.37 

28.81 

(29  years) 

1921-50 

3.70 

2.93 

2.61 

1.92 

1.94 

2.24 

.75 

.88 

1.67 

3.09 

3.50 

4.51 

29.74 

1931-60 

4.31 

3.13 

2.84 

2.03 

2.18 

2.59 

.90 

.89 

1.60 

3.29 

3.92 

4.78 

32.46 

1941-70 

4.39 

3.08 

2.83 

2.08 

2.54 

2.71 

.94 

1.16 

1.66 

3.22 

4.17 

4.52 

33.30 

1951-80 

4.58 

3.17 

2.60 

2.02 

2.41 

2.16 

1.05 

1.46 

1.54 

2.44 

4.20 

4.84 

32.47 

6  to  7  air  miles  (10  km)  from  Benton  Spring  (see  later 
section).  Within  the  Experimental  Forest,  an  annual 
average  of  about  50  inches  (1  270  mm)  is  indicated  at 
5,500  ft  (1  675  m),  based  on  4  years  of  intensive  snow 
sampling  (Packer  1962);  an  adjustment  has  been  made 
for  the  abnormally  high  snowpack  during  this  period, 
1949-52.  The  seasonal  maximum  water  content  at  this 
elevation  averaged  37  inches  (940  mm).  The  correspon- 
ding average  at  4,800-ft  (1  463-m)  locations  was  23  in- 
ches (585  mm);  it  was  actually  a  few  inches  more  than 
this  at  Benton  Spring  (with  snowpack  about  25  percent 
above  normal). 

MONTHLY  DISTRIBUTION 

The  pattern  of  monthly  precipitation  (fig.  7)  shows  a 
decided  peak  in  late  autumn-early  winter.  Amounts  at 
Priest  River  headquarters  average  4.0  inches  (100  mm) 
or  greater  in  November,  December,  and  January,  with 


close  to  5.0  inches  (125  mm)  in  December.  Extreme 
monthly  totals  have  reached  11  inches  (285  mm).  A 
slight  secondary  peak  occurs  in  May  and  June,  followed 
by  a  sharp  decrease  to  the  summertime  minimum  in 
July  and  August.  Monthly  amounts  then  average 
around  1.0  inch  (25  to  29  mm).  The  averages  shown  for 
Benton  Spring  include  an  adjustment  for  the  suspected 
deficiency,  mentioned  above.  The  adjustment,  limited  to 
the  snow  season,  used  a  smoothed  curve  of  ratios  of 
Benton  Spring/headquarters  monthly  precipitation  based 
on  22  years;  the  ratios— initially  relatively  low  in 
winter— were  extrapolated  upward  from  those  in  spring 
and  early  autumn.  About  59  percent  of  the  annual 
precipitation  at  headquarters  is  received  during  the 
months  November  through  March;  the  proportion  is  60.5 
percent  at  Benton  Spring  using  the  adjusted  averages, 
only  56  percent  using  the  observed  gage  catch. 
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Figure  7.— Monthly  average  precipitation,  Priest  River  Experimei 
tal  Forest.  Lower  panel:  At  headquarters  (control  station),  based 
on  50  years  1931-80;  snowfall  (open  bars)  is  plotted  on  scale 
(right  side)  proportional  to  that  of  precipitation,  assuming  an 
average  of  1.0  inch  water  equivalence  from  12.0  inches  snowfall 
Upper  panel:  Near  Benton  Spring  (4,800  ft),  22  years  of  storage 
gage  data  adjusted  to  1931-80  (hatched  bars  or  portions  of  bar 
averages  further  adjusted  for  deficient  gage  catch  of  snow  are 
shown  by  shaded  bar  extensions. 


DAILY  PRECIPITATION 

Frequencies  of  various  daily  precipitation  amounts  at 
headquarters  are  shown  in  table  16  (appendix).  The  max- 
imum on  record  for  any  day  (5  p.m.  to  5  p.m.)  is 
2.4  inches  (61  mm)  in  November  1959;  Benton  Dam 
received  2.5  inches  (63  mm)  during  a  different  24-hour 
period  in  the  same  storm.  These  amounts  are  well  below 
the  24-hour  maximum  expected  according  to  maps  by 
Miller  and  others  (1973);  they  show  3.6  inches  (91  mm) 
for  a  100-year  period  and  3.0  inches  (76  mm)  for  only  a 
25-year  period. 

Maximum  1-hour  precipitation  at  Benton  Dam  is  sum- 
marized in  table  3.  The  extreme  for  the  40-year  period, 
1941-80,  is  0.90  inch  (23  mm),  recorded  in  both  June 
1948  and  July  1958.  This  amount  is  somewhat  higher 
than  that  calculated  for  a  similar  period  using  the  above 
reference;  a  1-hour  extreme  of  1.0  inch  (25  mm)  is 
calculated  for  a  100-year  period.  A  6-hour  extreme  of  1.5 
inches  (38  mm)  occurred  at  Benton  Dam  in  December 
1961.  The  cool-season  precipitation,  nevertheless,  occurs 
with  relatively  low  1-hour  maximum  amounts;  it  ac- 
cumulates over  long  durations.  For  the  years  1941-66, 
Benton  Dam  had  an  average  of  147  hours  in  both 
December  and  January  with  0.01  inch  (0.25  mm)  or 
more,  compared  with  19  hours  in  July  and  27  hours  in 
August. 

SNOWFALL 

Annual  snowfall  at  headquarters  averages  88  inches 
(225  cm),  based  on  the  years  1931-80.  This  amount 
represents  the  sum  of  individual  daily  accumulations, 
before  melting  or  settling  occurs.  The  monthly  average 
snowfall  is  included  in  figure  7;  the  averages  are  plotted 
on  a  scale  such  that  their  approximate  water  equivalent 
may  be  compared  with  the  total  precipitation  (shown  by 
the  shaded  bars).  For  this  purpose,  we  assumed  an 
overall  snowfall  density  of  0.083— that  is,  1.0  inch  (25 
mm)  of  water  in  12.0  inches  (30.5  cm)  of  newly  fallen 
snow,  though  much  variation  can  be  expected  between 
individual  storms.  A  similar  average  density  has  been 
found  elsewhere  (Landsberg  1958). 

Monthly  and  annual  amounts  for  each  year  (or  snow 
season)  of  record  are  listed  in  table  17  (appendix). 
December  and  January  are  usually  the  snowiest  months, 
with  50-year  averages  of  25  and  29  inches  (63  and  74 
cm),  respectively,  at  headquarters  (table  1).  Even  so, 
figure  7  indicates  that  over  half  of  the  December 
precipitation  here  occurs  as  rain;  almost  half  in  January. 
Overall,  about  23  percent  of  the  annual  precipitation  is 
contributed  by  snowfall. 


Seasonal  snowfall  totals  at  headquarters  have  ranged 
from  26  inches  (66  cm)— most  recently  in  1976-77— to 
154  inches  (391  cm)  in  1949-50.  Monthly  totals  have 
been  as  high  as  89  inches  (226  cm)  in  January  1969; 
only  2  inches  (6  cm)  fell  during  January  1981.  Maximum 
1-day  snowfall  of  20  inches  (51  cm)  occurred  in 
December  1951;  2-day  snowfall  reached  25  inches  (64 
cm)  in  January  1951. 

Annual  snowfall  probably  averages  over  300  inches 
(760  cm)  at  a  5,500-ft  (1  675-m)  elevation.  Here,  it  con- 
tributes about  55  percent  of  the  annual  precipitation 
(based  on  stations  in  the  northern  half  of  Idaho  [Finklin 
1983]). 

Snow  Cover;  Snowpack. — In  an  average  season,  the 
headquarters  area  has  about  120  days  with  1  inch  or 
more  of  snow  cover.  The  number  of  such  days  has 
varied  from  152  in  1935-36  to  35  in  1980-81.  The  period 
of  continuous,  day-to-day,  cover  has  a  median  duration 
from  December  5  to  March  30.  This  cover  has  begun  as 
early  as  November  10,  1931,  and  has  remained  as  late  as 
April  18,  1975.  Snow  cover  was  present  during  the  en- 
tire month  of  January  in  all  but  2  of  the  50  years 
1931-80  and  throughout  February  in  all  but  4  years. 
But  in  1981,  there  was  practically  none  during  these  two 
months. 

Snow  depth  at  headquarters  (table  4)  has  been  as 
great  as  54  inches  (137  cm),  in  January  1969,  compared 
with  an  average  seasonal  maximum  of  30  inches  (75  cm). 
The  maximum  occurs  more  frequently  in  February  than 
in  January.  At  the  Benton  Spring  snow  course,  the 
depth  usually  peaks  in  March  or  April;  it  averages  close 
to  5  ft  (1.5  m)  on  the  March  1  and  April  1  monthly 
survey  dates.  A  record  depth  of  93  inches  (236  cm)  was 
measured  in  1956,  on  March  1.  The  snow  lasts  well  into 
May  here  and  into  June  at  higher  locations.  Water  con- 
tent on  April  1  at  Benton  Spring  averages  20  inches 
(515  mm).  To  the  east,  water  content  averages  31  inches 
(785  mm)  at  Schweitzer  Bowl  (at  a  similar,  4,800-ft 
[1  463-m]  elevation)  and  48  inches  (1  215  mm)  at 
Schweitzer  Ridge  (6,200  ft  [1  890  m]). 

Detailed  measurements  cited  by  Wellner  and  others 
(1951)  show  much  less  snowpack  on  south-facing  slopes 
than  on  north-facing  slopes—  particularly  toward  late 
season  (March  and  later).  The  ground  becomes  bare 
about  a  month  earlier  on  the  south  slopes  at  lower  and 
middle  elevations;  perhaps  2  weeks  earlier  on  the  south 
slope  at  5,500  ft  (1  675  m).  Consistently  more  snow  was 
indicated  in  forest  openings  than  under  timber,  except 
near  the  time  of  disappearance.  Larsen  (1940)  showed 
similar  slope-related  differences,  comparing  lower-slope 


Table  3.— Monthly  maximum  1-hour  precipitation,  inches,  at  Benton  Dam,  Priest  River  Experimental  Forest,  during  40  years  1941-80 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Median 

0.15 

0.15 

0.15 

0.13 

0.17 

0.20 

0.19 

0.21 

0.15 

0.15 

0.15 

0.15 

0.37 

Highest 

.40 

.32 

.28 

.28 

.50 

.90 

.90 

.52 

.81 

.29 

.27 

.29 

.90 

Year 

1966 

1972 

1958 

1961 

1978 

1948 

1958 

1964 

1942 

1961, 
1970 

1942 

1961 

1948, 
1958 

Table  4.  — Average  snow  depth  (D)  and  snowpack  water  content  (W),  at  end  of  month;  maximum 
snow  depth  (Max  D)  during  month;  Priest  River  Experimental  Forest 


Location, 

period  of  record 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Control  station, 

1931-80 

D 

*1 

3 

12 

20 

19 

5 

0 

1912-81 

Max  D 

5 

21 

41 

54 

51 

50 

28 

Year 

1919 

1915 

1964 

1969 

1969 

1916 

1917 

Benton  Meadow, 

1937-80 

W 

2.8 

5.0 

6.2 

3.2 

0 

Benton  Spring, 

1937-80 

D 

12 

31 

47 

55 

56 

36 

0 

W 

M2 

8.4 

13.7 

18.2 

20.4 

15.4 

0 

1"   =  Occurrence  too  rare  for  meaningful  average. 
2M  =  Missing;  not  measured. 


stations  having  southwest  and  northeast  aspects.  Eleva- 
tion, aspect,  and  canopy  effects  on  snowpack  are  analyzed 
by  Packer  (1962),  using  statistical  methods.  Packer 
(1971)  also  analyzes  the  effects  on  snowmelt. 

STREAMFLOW 

The  streamflow  (or  runoff)  regime  of  Benton  Creek  is 
compared  in  figure  8  with  that  of  precipitation.  (The 
precipitation,  based  on  the  50  years  1931-80,  is  within  1 
percent  of  its  average  for  the  34  years,  1940-73,  of 
available  runoff  data.)  The  effect  of  water  storage  in 
snowpack  and  subsequent  release  with  snowmelt  is  very 


evident.  Overall,  32  percent  of  the  total  runoff  occurs  in 
May;  53  percent  in  April  and  May  combined.  The 
average  date  of  peak  runoff  is  May  4;  median  date,  May 
10.  The  peak  has  occurred  as  early  as  February  26,  in 
1958,  and  as  late  as  May  29,  in  1962.  The  springtime 
peak  flows  are  analyzed  in  detail  by  Haupt  (1968). 

For  the  950-acre  (385-ha)  drainage  area  above  Benton 
Dam,  annual  runoff  averages  about  1,275  acre-ft 
(157  ha-m),  from  a  discharge  rate  averaging  just  1.8  ft3/ 
(0.05  m3/s);  the  rate  averages  6.6  ft3/s  (0.19  m3/s)  in  May 
Highest  daily  average  discharge  was  22.6  ft3/s  (0.64 
m3/s)  on  April  27,  1952.  Depth  of  runoff  distributed 
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Figure  8.— Comparison  of  average  water-year  regimes  of 
precipitation  and  runoff  in  Priest  River  Experimental  Forest. 
Precipitation  is  a  two-station  average,  from  control  station 
and  Benton  Spring,  based  on  or  adjusted  to  50  years 
1931-80.  Runoff  is  that  of  Benton  Creek,  measured  at 
Benton  Dam,  during  1940-73.  Monthly  and  cumulative 
monthly  amounts  are  in  percentage  of  water-year  total. 
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uniformly  over  the  drainage  would  be  16  inches  (400 
mm),  or  about  40  percent  of  the  areal  average  precipita- 
tion of  close  to  40  inches  (1  000  mm).  About  24  inches 
(600  mm)  of  this  precipitation  is  apparently  utilized  in 
evapotranspiration.  Annual  runoff  depth  has  varied  from 
6.0  inches  (153  mm)  in  water  year  1944  to  25.3  inches 
(643  mm)  in  1956. 

The  water-year  runoff  has  only  a  fair  correlation  with 
water-year  precipitation  at  the  control  station;  the 
34-year  correlation  coefficient,  r,  was  0.71.  Using 
September-August,  September-June,  or  October-June 
precipitation,  r  was  0.78  to  0.79.  Dividing  the  precipita- 
tion into  seasons.  Stage  (1957),  with  16  years  of  data, 
obtained  a  multiple  regression  having  a  correlation  coef- 
ficient of  0.92. 

FIRE-SEASON  PRECIPITATION 

Ten-day  details  of  valley-area  precipitation  (taken  from 
tables  15  and  16,  appendix)  are  given  in  figure  9;  these 
cover  the  official  fire  season,  May  through  October,  and 
about  a  month  before  and  after.  Much  of  the  irregularity 
seen  in  the  averages  and  frequencies,  even  with  50  years 
of  data,  is  probably  accidental.  The  broader  features 
show  the  large  decrease  in  precipitation  that  usually 
commences  around  early  July  and  a  moderate  increase 
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Figure  9.— Average  regimes  of  10-day 
precipitation  and  thunderstorm  occurrence, 
Priest  River  Experimental  Forest  head- 
quarters area  (control  station);  based  on  50 
years  1931-80.  In  bottom  panel,  totals  for 
11 -day  periods  have  been  adjusted  to  10  days. 


in  late  August,  with  little  further  change  during 
September;  then,  an  upward  trend  to  wet  late  autumn 
conditions.  Although  July  and  August  are  normally  dry, 
large  variation  can  occur  from  one  year  to  another  and 
between  decades  (tables  2  and  14).  At  the  control  sta- 
tion, the  2-month  precipitation  totaled  0.3  inch  (8  mm) 
in  1967;  6.4  inches  (163  mm)  in  1978. 

Ten-day  averages  and  frequencies  are  presented  also 
for  Priest  Lake  Ranger  Station  and  Gisborne  Lookout, 
in  tables  18  and  19  (appendix);  these  cover  a  shorter 
season  and  some  of  the  periods  have  incomplete  data. 
Overall,  the  July- August  precipitation  at  Priest  Lake 
averages  about  10  percent  greater  than  at  the  Priest 
River  control  station.  For  the  same  months,  Gisborne 
Lookout  receives  about  25  percent  more  than  the  control 
station. 

THUNDERSTORMS 

The  main  season  of  lightning  (or  thunderstorm)  activi- 
ty extends  from  late  May  through  August  (fig.  9,  top 
panel).  During  this  time,  storms  within  about  a  20-mile 
(32-km)  distance  occur  on  about  10  to  15  percent  of  the 
days.  Thus,  July  and  August,  the  peak  fire-danger 
months,  each  have  an  average  of  3  days  with  storms 
observed  at  the  valley  location;  4  days  at  Gisborne 
Lookout.  Detailed  lightning  observations  at  this  lookout 
during  1956-71  for  Project  Skyfire,  Northern  Forest 
Fire  Laboratory,  showed  that  73  percent  of  the  July- 
August  storms  began  between  12  noon  and  12  midnight, 
P.s.t.  Based  on  15-minute  counts  of  cloud-to-ground 
discharges  during  1960-71,  the  Lightning  Activity  Level 
(LAL)  as  defined  in  the  National  Fire  Danger  Rating 
System  (Deeming  and  others  1977)  was  2  on  51  percent 
of  the  thunderstorm  days  (or  on  6  percent  of  all  days). 
LAL  was  3  on  21  percent  of  the  storm  days;  4,  on  7  per- 
cent; 5,  on  21  percent. 

PRECIPITATION  TRENDS 

Precipitation  trends  or  fluctuations  during  the  past  70 
years  are  depicted  in  figure  10,  using  two  forms  of 
smoothing.  These  employ  11 -year  running  means  and 
5-year  weighted  means,  both  representing  overlapping 
sequences  of  years.  The  first  form  gives  equal  weighting 
to  each  year's  data;  the  second,  portraying  short-term 
fluctuations,  applies  successive  weighting  of  1,  4,  6,  4, 
and  1.  Values  are  plotted  as  percentages  of  the  1931-80 
average. 

The  graphs  of  annual  precipitation  show  the  well- 
known  dry  period  centered  in  the  1920's  and  1930s. 
Analyzing  tree  rings  in  northern  Idaho,  Leaphart  and 
Stage  (1971)  found  that  this  period  represented  the  most 
adverse  growth  conditions  for  western  white  pine  in 
three  centuries.  Following  a  recovery  centered  in  the 
1950's,  an  overall  downward  tendency  is  indicated  in 
more  recent  years.  The  "winter"  (November-March),  late 
spring  (May-June),  and  summer  (July-August)  graphs 
also  show  dry  conditions  in  the  1920's  and  1930's,  but 
they  display  some  opposing  tendencies  since  that  time. 
For  example,  May-June  precipitation  was  rather  high  in 
the  1940s  (opposite  of  the  winter  pattern),  then  declined 
until  very  recently;  while  July-August  precipitation 
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Figure  10.— Precipitation  fluctuations  during 
70  years  since  1912  at  Priest  River  Ex- 
perimental Forest,  control  station.  Eleven- 
year  running  means  (solid  lines)  and  5-year 
weighted  means  (dashed  lines)  are  plotted  at 
midpoint  years  (for  example,  the  means  for 
1970-80  and  1973-77  are  plotted  at  1975). 


shows  an  irregular  increase  into  the  1950's,  then  an  ex- 
ceptional increase  during  the  1970's.  The  5-year 
weighted  mean  summertime  precipitation  centered 
around  1976,  1977,  and  1978  was  nearly  200  percent  of 
the  1931-80  average;  this  mean  had  been  as  low  as  25 
percent  in  the  early  1930's. 

Graphs  representing  stations  farther  south  in  northern 
Idaho  and  extreme  eastern  Washington  (Finklin  1983) 
show  similar  precipitation  characteristics.  For  earlier 
years,  these  graphs  indicate  a  relatively  wet  period  near 
the  beginning  of  this  century. 

Temperature 

The  normal  yearly  course  of  temperature  is  portrayed 
in  figure  11,  for  both  headquarters  and  a  5,500  ft  (1  675 
m)  elevation.  Averages  at  this  mountaintop  level  have 
been  estimated  from  those  atop  Mount  Spokane,  Wash., 
and  Mullan  Pass,  Idaho,  at  about  5,900  to  6,000  ft 
(1  800  to  1  835  m).  The  estimates— adjusting  for  eleva- 
tion and  period  of  record— were  tuned  to  be  consistent 
with  the  July  and  August  averages  from  Gisborne 
Lookout. 

For  the  normal  period,  1951-80,  average  daily  max- 
imum temperatures  at  headquarters  range  from  30°  F 
(-1°  C)  in  January  to  82°  F  (28°  C)  in  July;  average 
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Figure  11.— Average  daily  maximum  ano 
minimum  temperatures  at  valley  and  moun- 
taintop locations,  Priest  River  Experimental 
Forest;  based  on  24  hours  ending  at  5  p.m. 
and  30-year  normal  period,  1951-80.  Moun- 
taintop averages  are  estimated  (see  text). 


minimums  range  from  18°  F  (-8°  C)  to  47°  F  (8°  C). 
Monthly  mean  temperatures— taken  as  midpoint  values 
between  the  maximum  and  minimum— are  thus  24°  F 
(-4°  C)  in  January  and  65°  F  (18°  C)  in  July;  the  annual 
mean  is  44°  F  (7°  C).  These  means  are  based  on  24-hour 
maximum  and  minimum  data  observed  at  5  p.m.  P.s.t., 
and  may  be  about  1  °  F  higher  than  means  based  on  ac- 
tual calendar-day  data  or  individual  hourly  readings  (ex- 
planations are  given  by  Rumbaugh  1934;  Baker  1975). 
At  5,500  ft  (1  675  m),  the  monthly  means  range  from 
about  20°  F  (-7°  C)  to  61°  F  (16°  C)-only  a  few  degrees 
lower  than  those  at  headquarters.  This  small  elevational 
decrease  reflects  the  presence  of  temperature  inversions. 
These  are  mainly  a  nighttime  phenomenon  but  also  af- 
fect daytime  temperatures  in  autumn  and  winter. 

Inversion  effects  on  daytime  (or  maximum) 
temperature  are  greatest  in  December  and  January, 
when,  most  often,  a  warmer  airmass  aloft  may  override 
cold  air  entrenched  in  the  valley.  Conversely,  the 
daytime  temperature  decrease  with  elevation,  or  "lapse 
rate,"  is  generally  strongest  in  spring;  average  max- 
imums at  5,500  ft  (1  675  m)  then  run  13°  or  14°  F  (7°  or 
8  °  C)  below  those  at  headquarters.  The  difference  is  1  ° 
or  2°  F  less  in  July  and  August.  On  the  other  hand,  dur- 
ing these  two  months  and  early  autumn,  nighttime 
inversions— from  radiational  cooling  favored  by  clear 
skies  (Schroeder  and  Buck  1970)— result  in  lower  average 
minimum  temperatures  at  headquarters  than  at  5,500  ft. 
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Temperatures  for  each  year  of  record  at  the  control 
station,  through  1982,  are  listed  in  table  20  (appendix); 
successive  10-year  averages  and  30-year  normals,  in 
table  5.  Ten-day  averages  and  extremes  are  shown  in 
tables  21,  22,  and  23  (appendix);  frequency  distributions 
of  daily  values,  in  tables  24  and  25  (appendix).  The  cold- 
est month  of  record  is  January  1937,  with  a  mean  of 
6.5°  F  (-14°  C),  including  an  average  minimum  of  -4.4° 
F  (-20°  C).  The  warmest  month  is  July  1975,  with  70.4° 
F  (21°  C),  resulting  from  a  high  average  minimr^n;  tht 
highest  average  maximum,  90.7°  F  (33°  C),  occurred  in 
August  1967.  Extreme  maximum  for  any  day  is  103°  F 
(39°  C)  recorded  in  August  1961— the  clearcut  (fire- 
weather)  station  reached  105°  F  (41°  C);  the  minimum  is 
-36°  F  (-38°  C)  in  December  1968.  The  extremes  show  a 
smaller  range  at  higher  elevations.  Mount  Spokane, 
Wash.,  had  -28°  F  (-33°  C)  in  December  1968;  Gisborne 
Lookout,  95°  F  (35°  C)  in  August  1961. 

For  most  months  of  the  year,  the  1971-80  average 
minimum  temperatures  (table  5)  show  an  increase  over 
those  during  1961-70  and  preceding  decades;  the  in- 
crease is  particularly  large  in  July  and  August,  about  3° 
F  (1.5°  C).  Possibly  up  to  1.0°  F  of  this  summertime  in- 
crease may  be  a  result  of  a  change  that  occurred  in 
observation  practice— using  a  hygrothermograph  trace, 
rather  than  actual  maximum  and  minimum  thermometer 
readings,  to  obtain  the  daily  temperature  extremes. 
There  may  thus  be  effects  of  slower  response  often 
found  in  hygrothermographs,  as  well  as  possible  bias  in 
calibration. 

A  comparison  in  table  6  shows  that  the  3°  F  increase 
in  control  station  minimum  temperature  was  slightly 
greater  than  that  observed  at  the  Priest  River  fire- 


weather  station  (before  its  termination  in  1978)  and  at 
Priest  Lake.  Data  from  five  adjacent  climatological  sta- 
tions give  a  corresponding  increase  averaging  only  0.5° 
F  relative  to  1961-70;  1.5°  F  since  1951-60,  though  this 
ranges  from  0.4°  F  at  Sandpoint  to  2.7°  F  at  Newport. 

FROST-FREE  PERIOD 

As  shown  in  table  7,  the  control  station  has  an 
average  length  of  96  days  between  last-spring  and  first- 
autumn  minimum  temperatures  of  32°  F  (0°  C)  or  lower. 
The  respective  average  threshold  dates  are  June  4  and 
September  8.  There  is  an  average  length  of  137  days 
between  occurrences  of  28°  F  (-2°  C)  or  lower.  These 
temperatures  are  usually  reached  under  fair-weather 
conditions— by  radiational  cooling— and  are  accompanied 
by  frost  formation. 

The  frost-free  season  is  shorter  at  the  clearcut  site, 
averaging  29  days  shorter  between  dates  of  32°  F.  For 
both  the  32°  F  and  28°  F  thresholds,  the  season  at 
valley  locations  may  average  close  to  2  months  longer 
under  a  full  timber  canopy  than  in  the  clearcut.  This  is 
indicated  by  6  years  of  recording  charts  from  the  former 
flammability  stations.  Four  years  of  charts  indicate  an 
even  longer  season  without  freezing  temperatures  at  the 
former  2,700-ft  (823-m)  and  3,800-ft  (1  160-m)  altitude- 
aspect  stations.  The  season  becomes  short  again  at 
highest  elevations,  as  shown  in  table  7  for  Mount 
Spokane  and  Mullan  Pass,  at  5,900  to  6,000  ft  (1  800  to 
1  835  m);  it  may  be  about  2  weeks  longer  than  this  at 
5,500  ft  (1  675  m).  The  threshold  occurrences  at  these 
elevations  are  often  with  blustery  conditions,  sometimes 
with  late-spring  and  early-autumn  storms  that  bring 
snow. 


Table  5.— Ten-year  (decadal)  and  30-year  "normal"  average  daily  maximum  and  minimum  temperatures, 
Forest  control  station 


'F,  at  Priest  River  Experiments 


Period 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Decade 

1912-20 

Max. 

30.5 

36.8 

45.4 

57.5 

64.2 

74.0 

82.1 

81.6 

69.7 

55.0 

39.8 

31.5 

55.8 

(9  years) 

Min. 

15.2 

17.3 

22.4 

28.3 

34.4 

39.7 

43.5 

41.9 

36.0 

29.9 

25.8 

18.5 

29.4 

1921-30 

Max. 

29.1 

37.0 

46.5 

57.3 

67.5 

74.5 

84.7 

82.4 

70.1 

57.1 

39.7 

31.2 

56.5 

Min. 

15.8 

18.7 

24.2 

29.5 

36.0 

42.7 

44.8 

43.7 

36.9 

31.4 

26.7 

19.4 

30.9 

1931-40 

Max. 

31.5 

35.1 

46.0 

58.8 

68.9 

74.7 

83.8 

83.3 

72.4 

57.5 

39.9 

34.3 

57.3 

Min. 

18.9 

15.9 

24.9 

30.3 

36.9 

43.3 

46.1 

42.4 

38.9 

33.3 

26.5 

23.7 

31.8 

1941-50 

Max. 

29.1 

38.5 

46.0 

58.6 

67.0 

71.9 

82.6 

81.1 

71.5 

56.6 

40.0 

33.0 

56.4 

Min. 

13.4 

19.1 

23.4 

30.1 

37.7 

43.6 

46.4 

44.5 

38.6 

32.9 

27.4 

21.5 

31.6 

1951-60 

Max. 

31.1 

36.8 

43.7 

56.3 

67.2 

72.4 

82.6 

79.9 

71.6 

56.5 

39.2 

32.6 

55.8 

Min. 

18.9 

20.0 

22.4 

29.3 

37.5 

43.1 

45.8 

43.9 

38.7 

32.7 

24.5 

22.7 

31.6 

1961-70 

Max. 

30.5 

38.7 

45.0 

54.9 

66.2 

74.5 

82.6 

82.3 

71.5 

55.3 

39.5 

31.4 

56.0 

Min. 

19.4 

22.2 

23.7 

29.8 

37.1 

44.2 

45.9 

44.8 

38.8 

32.7 

27.9 

22.3 

32.4 

1971-80 

Max. 

28.6 

36.2 

44.1 

55.9 

66.2 

73.6 

82.2 

81.2 

70.9 

57.0 

37.1 

31.4 

55.3 

Min. 

16.8 

23.6 

25.9 

31.0 

38.9 

45.1 

48.5 

47.6 

40.6 

32.9 

27.0 

23.0 

33.4 

30  Years 

1931-60 

Max. 

30.6 

36.8 

45.2 

57.9 

67.7 

73.0 

83.0 

81.4 

71.8 

56.9 

39.7 

33.3 

56.5 

Min. 

17.1 

18.3 

23.6 

29.9 

37.4 

43.3 

46.1 

43.6 

38.7 

33.0 

26.1 

22.6 

31.6 

1941-70 

Max. 

30.2 

38.0 

44.9 

56.6 

66.8 

73.0 

82.6 

81.1 

71.5 

56.2 

39.9 

32.3 

56.1 

Min. 

17.2 

20.4 

23.1 

29.7 

37.4 

43.6 

46.0 

44.4 

38.7 

32.8 

26.6 

22.2 

31.9 

1951-80 

Max. 

29.9 

37.2 

44.3 

55.7 

66.5 

73.5 

82.4 

81.1 

71.3 

56.3 

38.6 

31.8 

55.7 

Min. 

18.4 

21.9 

24.0 

30.1 

37.8 

44.1 

46.7 

45.5 

39.4 

32.8 

26.5 

22.7 

32.5 
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Table  6.— Station  comparison,  by  decades,  of  average  daily  maximum  and  minimum  temperatures, 
°F,  observed  during  July  and  August 

Station1  and  daily  observation  time2 
PREF       PRFW       PLFW       BONF       CDAL       NEWP       PTHL        SAPT        5STA 
Period  17  153  153  174  17-15        17-15  174  17 


Average  temperature. 

July  and 

August 

combined 

1951-60 

Max. 

81.3 

83.1 

83.2 

85.7 

84.8 

83.2 

80.1 

83.4 

Min. 

44.9 

42.0 

48.7 

51.3 

43.8 

48.1 

47.7 

47.9 

1961-70 

Max. 

82.5 

83.4 

83.0 

86.0 

85.4 

82.4 

81.0 

83.5 

Min. 

45.4 

43.0 

49.0 

52.5 

45.8 

49.0 

48.2 

48.9 

1971-80 

Max. 

81.7 

83.1 

84.7 

84.0 

80.9 

80.8 

82.7 

Min. 

48.1 

42.5 

49.9 

52.9 

46.5 

49.8 

48.1 

49.4 

1964-70 

Min. 

45.2 

42.7 

40.6 

1971-77 

Min. 

48.0 

44.7 

42.2 

1PREF  denotes  Priest  River  Experimental  Forest  Control  Station;  PRFW,  Priest  River  fire-weather  station  (ter- 
minated after  1977);  PLFW,  Priest  Lake  fire-weather  station  (location  since  1964);  BONF,  Bonners  Ferry,  Idaho; 
CDAL,  Coeur  d'Alene,  Idaho;  NEWP,  Newport,  Wash.;  PTHL,  Porthill,  Idaho;  SAPT,  Sandpoint,  Idaho;  5STA, 
average  of  five  preceding  stations. 

2Time  based  on  24-hour  clock;  thus  17  denotes  5  p.m.  local  time. 
3Time  changed  to  12  in  1974. 
4Time  changed  to  07  in  1975. 


Table  7.— Freezing  temperature  thresholds,  °F.  Observed  dates  of  last  occurrence  in  spring  (or  until 
July  31)  and  first  occurrence  in  autumn  (or  after  July  31),  Priest  River  Experimental  Forest 
valley  area  and  adjacent  mountain  stations 


Date1  of  last 

Date  of  first 

Number  of  days 

spring  minimum 

autum 

i  minimum 

between  dates 

24° 

28° 
or  lower 

32°    * 

32° 

or 

28° 
lower 

24° 

24° 

28° 
or  lower 

32° 

Priest  River  cont 

rol  station, 

50  years  1931-80: 

Mean 

4/17 

5/11 

6/4 

9/8 

9/24 

10/14 

180 

136 

96 

Standard 

dev.,  days 

13 

13 

19 

14 

13 

15 

20 

21 

27 

Median 

4/19 

5/12 

5/31 

9/9 

9/22 

10/14 

182 

133 

101 

Earliest, 

3/17 

4/13 

4/17 

8/7 

9/3 

9/8 

year 

1958 

1980 

1980 

1946 

1956 

1962 

Latest, 

5/11 

6/13 

7/30 

10/7 

11/5 

11/14 

year 

1959 

1952 

1933 

1940 

1940 

1956 

Maximum, 

228 

203 

139 

year 

1940 

1940 

1968 

Minimum, 

133 

92 

34 

year 

1965 

1952 

1933 

Priest  River  fire-weather  station  (clearcu 

t),  28  years  1946-73 

Mean 

5/18 

6/19 

8/23 

9/10 

115 

65 

Difference, 

days2 

+  6 

+  14 

-15 

-11 

-17 

-29 

Mullan  Pass,  Idaho  (10  to  15  years  during  1942-57)   and  Mount  Spokane,  Wash.  (12  years  during 
1959-72);  two-station  average: 

Mean  5/12  6/6  6/23  9/9  9/21  10/5  146  107  78 

Median  5/9  6/8  6/26  9/9  9/22  10/5 

1Month  number/day  number;  thus  4/17  is  April  17. 

2Mean  date  minus  that  at  control  station  during  same  years. 
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TEMPERATURE  TRENDS 

Past  trends  or  fluctuations  of  temperatures  at  the  con- 
trol station  are  depicted  in  figure  12.  As  with  precipita- 
tion in  figure  10,  the  observed  values  have  been  smooth- 
ed; here  they  are  plotted  as  degree  differences  from  the 
1931-80  average. 

The  graphs— for  annual,  winter,  and  summer  mean 
temperatures— all  show  a  warming  trend  from  the  begin- 
ning of  record  until  about  1940;  this  is  generally  concur- 
rent with  the  notable  period  of  below-average  precipita- 
tion (fig.  10).  Graphs  for  an  area  to  the  south  (Finklin 
1983)  indicate  that  this  warming  trend  had  begun  only  a 
few  years  earlier.  The  11 -year  annual  and  summertime 
means  in  that  area  varied  little  for  at  least  30  years 
prior  to  the  1910's;  wintertime  means  rose  4°  F  (2°  C) 
from  about  the  mid-1880's  to  1900,  then  fell  2°  F  (1°  C) 
by  the  early  1910's.  After  1940,  figure  12  shows  a  cool- 
ing until  about  1950  to  1955;  since  then,  to  date,  an 
overall  warming  for  the  year  and  summer— this  has  oc- 
curred without  the  dry  conditions  of  the  1930's.  The 
more  irregular  winter  temperature  pattern  indicates  an 
overall  decline  since  the  early  1960's. 

Recent  11-year  July-August  means  at  the  control  sta- 
tion have  been  about  1.0°  F  higher  than  those  of  the 


Figure  12.— Temperature  fluctuations  during 
70  years  since  1912  at  Priest  River  Ex- 
perimental Forest,  control  station;  based  on 
averages  of  observed  daily  maximum  and 
minimum  values.  Eleven-year  running  means 
(solid  lines)  and  5-year  weighted  means 
(dashed  lines)  are  plotted  at  midpoint  years. 


1930's,  but  this  excess  is  due  to  the  higher  minimum 
temperatures  noted  earlier— maximum  temperatures  are 
down  (table  5).  For  the  above-mentioned  area  to  the 
south,  a  graph  shows  recent  July-August  means  peaking 
about  0.5°  F  above  the  1930's  level.  The  1960s  and 
1970s  temperature  trends  in  northern  Idaho  are  con- 
trary to  some  of  the  cooling  publicized  for  eastern  parts 
of  the  United  States.  This  difference  may  follow  from 
the  east-west  spacing  between  prevailing  upper-air 
trough  and  ridge  locations. 

Relative  Humidity 

Relative  humidity  is  recorded  continuously  throughout 
the  year  on  hygrothermograph  charts  at  the  control  sta- 
tion, but  the  data  have  not  been  tabulated;  accuracy  is 
uncertain,  particularly  during  winter.  Available  year- 
round  humidity  averages,  based  on  psychrometer 
readings,  cover  only  the  period  prior  to  1919  and  a  5 
p.m.  P.s.t.  observation  time.  Otherwise,  humidity  data 
for  Priest  River  are  limited  to  the  fire-weather  season— 
with  readings  at  8  a.m.  and  5  p.m.  until  about  1950; 
once-daily  at  3  p.m.  in  subsequent  years.  In  the  valley 
these  data  are  from  the  clearcut  site  beginning  in  1945. 

The  general  annual  pattern  of  relative  humidity  may 
be  obtained  from  figure  13.  Afternoon  averages  at  Priest 
River  (valley  location)  are  shown,  together  with  after- 
noon and  early  morning  averages  elsewhere  in  the  North- 
ern Rockies;  both  a  valley  and  a  ridgetop  location  are 
represented.  Relative  humidity  tends  to  vary  inversely 
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Figure  13.— Graphs  of  monthly  average 
relative  humidity  at  4  a.m.  (A)  and  4  p.m.  (P) 
at  Kalispell,  Mont.,  airport  (based  on  years 
1950-70)  and  Mullan  Pass,  Idaho  (1950-54 
data  adjusted  to  longer  period).  Superimpos- 
ed are  averages  for  Priest  River  Experimental 
Forest,  valley  area,  at  4:30-5:00  p.m.  (based 
on  1921-50,  except  1912-18  for  March)  and  at 
3  p.m.  (based  on  1951-70).  Times  are  P.s.t. 
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with  temperature  (Schroeder  and  Buck  1970),  and  this 
largely  accounts  for  the  diurnal  differences  seen  in  this 
figure;  also  for  higher  afternoon  values  at  higher  eleva- 
tions. The  3  p.m.  averages  at  Priest  River,  during  May 
through  October,  are  generally  similar  to  the  afternoon 
averages  shown  for  Kalispell,  Mont.;  higher  values  occur 
at  Priest  River  by  5  p.m.,  particularly  in  late  season. 
Early  morning  humidity  in  the  Priest  River  valley  area 
probably  averages  higher  throughout  the  year  than  at 
Kalispell;  it  averages  above  90  percent  in  summer,  as 
seen  later.  As  inferred  from  figure  13,  relative  humidity 
in  the  Experimental  Forest  is  high  throughout  most 
days  during  November  through  February,  averaging  70 
to  80  percent  or  higher  in  midafternoon.  With  a  slight 
interruption  in  the  showery  month  of  June,  the  after- 
noon average  decreases  sharply  during  spring,  reaching 
July-August  levels  of  about  34  percent  in  the  valley. 

TEMPERATURE  AND  RELATIVE  HUMIDITY 
DURING  FIRE  SEASON 

Figure  14  shows  the  trends  of  midafternoon 
temperature  and  relative  humidity  during  the  fire 
season.  Even  with  smoothing,  the  10-day  averages  show 
a  pronounced  change  near  the  end  of  June,  toward  the 
warm  and  dry  conditions  peaking  in  mid-July  to  mid- 
August.  This  change  corresponds  with  the  decrease  in 
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Figure  14.— Ten-day  average  dry  bulb 
temperature  and  relative  humidity  at  3  p.m. 
P.s.t.  at  valley  and  mountaintop  locations, 
Priest  River  Experimental  Forest;  based  on 
years  1951-70.  Curves  are  drawn  through 
smoothed  values  plotted  at  middle  of 
10-day  period;  smoothing  used  1-4-1 
weighting  applied  to  original  values  of  three 
consecutive  periods. 


rainfall  seen  in  figure  9.  With  an  elevational  difference  of 
about  3,280  ft  (1  000  m),  the  temperature  differences  in- 
dicate an  average  summer  afternoon  lapse  rate  of  4.0°  F 
per  1,000  ft  (7.3°  C  per  1,000  m)  between  the  valley  bot- 
tom (clearcut  area)  and  the  lookout.  As  shown  later, 
however,  temperatures  at  intervening  slope  locations  can 
vary  several  degrees  or  more  from  lapse-rate  estimates. 
Further  temperature  and  humidity  details  are  given  in 
tables  26  and  27  (appendix).  Noteworthy  is  the  combina- 
tion of  extremely  high  afternoon  temperature  and  low 
relative  humidity  that  persisted  during  the  10-day  period 
August  11-20,  1967— the  year  of  the  Sundance  Fire  run, 
north  of  the  Experimental  Forest  (Anderson  1968).  The 
lowest  recorded  daily  humidity  value  at  Priest  River,  5 
percent,  occurred  in  August  1961. 

Percentage  frequencies  (or  probabilities)  of  various 
temperature  and  humidity  values  are  graphed  in  figure 
15.  Again,  the  curves  reveal  a  turn  toward  summertime 
levels  near  the  end  of  June.  Occurrence  of  a  midafter- 
noon relative  humidity  below  30  percent  in  the  valley 
has  a  23  percent  chance  in  mid-June;  a  62  percent 
chance  by  late  July.  Additional  details  are  given  in 
tables  28  and  29  (appendix). 

Combined  frequencies  of  temperature  and  relative 
humidity,  together  with  windspeed,  are  given  in  table  30 
(appendix).  The  frequencies  of  values  beyond  certain 
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Figure  15.— Ten-day  frequencies  of  specified 
dry  bulb  temperature  and  relative  humidity  at 
3  p.m.  P.s.t.  at  valley  and  mountaintop  loca- 
tions, Priest  River  Experimental  Forest;  based 
on  years  1951-70.  Curves  are  drawn  through 
smoothed  values,  as  in  figure  14. 
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limits,  rather  than  within  the  classes  shown,  may  be  ob- 
tained by  appropriate  summation. 

Ten-day  details  are  also  given  (tables  31  and  32,  ap- 
pendix) for  average  daily  maximum  and  minimum 
temperatures.  The  Priest  River  data— from  the  clearcut 
area— differ  somewhat  from  those  in  tables  16  and  17 
(appendix)  for  the  control  station;  the  frequency  distribu- 
tions (not  shown)  also  differ.  Periods  of  record  are  dif- 
ferent, but  the  site  differences  are  the  main  factor.  For 
the  same  20-year  period,  1951-70,  July-August  max- 
imum temperatures  averaged  1.3°  F  lower  at  the  control 
station  than  in  the  clearcut;  the  minimums,  2.6°  F 
higher. 

Topographic  and  Local  Site  Effects.-Further  local  and 
topographic  variations  in  temperature  are  summarized  in 
table  8.  This  tabulation  utilizes  data  from  fire-weather 
observation  forms  and  also  the  recording  charts  for  the 
1930's  altitude-aspect  and  flammability  stations.  The 
averages,  though  based  on  only  four  summers, 
demonstrate  that  temperatures  at  a  slope  location  do  not 
necessarily  fit  a  simple  elevational  gradient  or  lapse  rate. 
Local  surroundings  are  an  important  consideration  in  ad- 
dition to  aspect.  The  thermal  belt  described  by  Hayes 
(1941)  is  a  few  hundred  feet  below  the  3,800-ft 
(1  160-m)  elevation.  Here,  near  the  average  nighttime  in- 
version top,  minimum  temperatures  during  July-August 
averaged  as  much  as  15°  F  (8°  C)  higher  than  at  the 
clearcut  site.  A  similar  inversion  and  thermal  belt  was 
detected  by  a  mobile  survey  described  by  Schaefer 
(1957),  which  also  found  large  contrasts  in  dewpoint 
temperature.  The  inversion  magnitude  may  average 
about  half  as  large  during  the  more  cloudy,  showery 
months  of  May  and  June  (Hayes  1941).  Average  July- 
August  temperatures  at  headquarters  were  very  similar 
to  those  at  the  half-cut  site  in  table  8.  The  clearcut,  half- 
cut,  and  full-timber  sites  show  notable  differences  in 
diurnal  temperature  range— differences  amounting  to  as 
much  as  9°  F  (5°  C)— but  have  a  close  similarity  in 
monthly  mean  temperature. 

Jemison  (1934)  presents  maximum  temperatures  at 
these  three  sites  during  July-August  1933.  showing  dif- 
ferences similar  to  those  in  table  8.  He  also  reveals  large 
differences  in  soil  temperature,  duff  temperature,  relative 


Table  8.— Comparison  of  average  temperatures,  °F,  in  Priest 
River  Experimental  Forest  during  study  by  Hayes 
(1941);  data  for  July  and  August  combined,  1935-38 


Minimum, 

Maximum, 

Station,  elevation  (ft) 

overnight 

daytime 

Mean 

Lookout,  5,580 

51.4 

69.1 

60.3 

5,500,  N  aspect 

51.7 

69.3 

60.5 

5,500,  S 

51.2 

68.1 

59.7 

3,800,  N 

55.4 

78.4 

66.9 

3,800,  S 

56.6 

77.2 

66.9 

2,700,  N 

49.7 

81.2 

65.5 

2,700,  S 

52.6 

81.6 

67.1 

Control,  2,380 

44.5 

80.9 

62.7 

Clearcut,  2,300 

41.9 

83.1 

62.5 

Half-cut,  2,300 

44.3 

80.5 

62.4 

Full-timber,  2,300 

45.7 

78.4 

62.1 

humidity,  fuel  moisture,  wind,  and  evaporation.  After- 
noon relative  humidity  in  the  clearcut  averaged  9  per- 
cent lower  than  in  full  timber;  2  percent  lower  than  in 
the  half-cut  area.  A  summary  of  measurements  nearby 
at  "open,  one-third  cover,  and  uncut"  locations  in  July- 
August  1919  is  given  by  Larsen  (1922b;  1924). 

A  contrast  between  the  original  control  station  and 
two  nearby,  lower-slope  stations— at  about  2,500  ft  (762 
m)  elevation— is  shown  by  Larsen  (1940);  data  covered 
the  years  1912-16.  Maximum  temperatures  during  the 
May-September  period  averaged  4.5°  F  (2.5°  C)  higher 
on  a  southwest  slope  than  on  a  northeast  slope;  after- 
noon relative  humidity,  7  percent  lower.  Overall,  during 
the  year,  minimum  temperatures  on  these  slopes  aver- 
aged 4°  or  5°  F  (2°  to  3°  C)  higher  than  on  the  flat. 

Diurnal  Variation  of  Temperature  and  Humidity.— The 
average  daily  course  of  temperature  during  July-August 
at  low  and  high  elevations  is  depicted  in  figure  16; 
relative  humidity,  in  figure  17.  As  noted  in  the  legends, 
the  curves  are  based  on  available  recording  charts  cover- 
ing only  a  few  years;  they  do,  however,  give  averages 
compatible  with  long-term  afternoon  and  early  morning 
data.  The  contrast  seen  between  locations  illustrates 
earlier  comments  about  diurnal  range,  nighttime  inver- 
sion effects,  and  the  dependence  of  relative  humidity  on 
temperature.  The  curves  show  the  warmest,  driest  time 
of  day  is  usually  between  2  and  4  p.m.  P.s.t.  The  fire- 
weather  observation  time  of  3  p.m.,  used  prior  to  1974, 
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Figure  16.— Average  diurnal  course  of 
temperature,  July-August,  Priest  River  Ex- 
perimental Forest.  Curve  for  control  station 
is  based  on  averages  from  recording  charts 
at  clearcut  site,  adjusted  to  smaller  diurnal 
range.  Curve  for  5,500  ft  uses  several  years 
of  charts  from  Looking  Glass  (now  Gisborne) 
Lookout  and  1937-38  charts  from  north- 
aspect  and  south-aspect  stations. 
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Figure  17.— Average  diurnal  course  of 
relative  humidity,  July-August,  Priest  River 
Experimental  Forest.  Curve  for  control  sta- 
tion is  based  on  1935-39  recording  charts 
from  former  half-cut  flammability  station. 
Curve  for  5,500  ft  is  based  on  stations  used 
in  figure  16. 

thus  tended  to  represent  the  afternoon  extreme  condi- 
tions. At  the  observation  time  now  in  use  throughout 
the  Northern  Rockies,  12  noon  P.s.t.  (1  p.m.  m.s.t.),  it 
can  be  seen  that  temperatures  in  the  Priest  River  area 
may  average  2°  or  3°  F  (1.5°  C)  lower  than  previously; 
relative  humidity,  perhaps  5  percent  higher. 

Comparison  with  Priest  Lake  Fire-Weather  Data.— 
Because  fire-weather  observations  are  no  longer  taken  at 
Priest  River,  a  comparison  of  past  data  may  aid  in  mak- 
ing estimates  from  the  continuing  observations  at  Priest 
Lake  Ranger  Station.  This  station  has  been  at  its  pre- 
sent site  since  1964.  (Earlier  data  were  observed  4  mi  [6 
km]  further  north.)  Table  9  shows  average  differences  in 
observed  values  during  1964-73;  also  the  differences 
prior  to  1964  to  indicate  effects  of  the  Priest  Lake  sta- 
tion change.  Overall,  during  June  through  September, 
the  afternoon  temperature  at  Priest  Lake  averages  1  °  F 
lower  than  at  the  Priest  River  clearcut  site.  The  relative 


humidity  averages  practically  the  same— within  ±1 
percent— at  the  two  stations  in  June,  July,  and  August, 
but  3  percent  higher  at  Priest  Lake  in  September; 
humidity  at  the  earlier  Priest  Lake  station  averaged 
about  5  percent  higher  in  July-August.  Table  9  also  in- 
dicates higher  windspeeds  at  Priest  Lake,  which  can  be 
expected  from  its  more  open  station  location  (fig.  5C). 

Wind 

Average  windspeeds  observed  in  the  Priest  River- 
northern  Idaho  area  are  summarized  in  figure  18.  Com- 
parability among  the  available  stations  is  affected  by 
differences  in  period  of  record  and  anemometer  height— 
the  present  standard  (Fischer  and  Hardy  1976)  is  20  ft 
(6  m)  above  open,  level  ground  or  nearby  treetops. 
Nevertheless,  figure  18  shows  some  distinct  features. 
The  graph  for  Mullan  Pass  indicates  that  on  exposed 
high  terrain,  windspeeds  may  average  highest  in  winter; 
lowest,  in  July  and  August.  This  is  the  tendency  of  the 
free-atmosphere  wind,  above  the  mountainous 
topography  and  its  local  effects,  as  indicated  on  normal 
upper-air  maps  near  10,000  ft  (3  000  m).  In  contrast,  in 
the  sheltered  valley  area  at  headquarters,  24-hour 
average  speeds  at  8  ft  (2.4  m)  above  the  ground  are  very 
light  throughout  the  year,  with  the  least  wind  in  autumn 
and  winter. 

Prevailing  (most  frequent)  wind  direction  was  from  the 
southwest  or  south  during  most  of  the  year  at  Mullan 
Pass;  northwest  in  summer.  At  the  control  station,  the 
prevailing  direction  during  daylight  hours  is 
southwesterly  year-round.  In  comparison,  average  wind 
in  the  free  air  near  10,000  ft  (3  000  m)  is  from  the  west 
or  west-northwest  in  winter,  west-southwest  in  summer. 

WIND  DURING  FIRE  SEASON 

In  the  Priest  River  area,  figure  18  indicates  that  sum- 
mer afternoon  windspeeds  on  the  mountaintops  average 
8  or  9  mi/h  (13  to  14  km/h);  the  same  average  applies  for 
a  24-hour  period.  In  the  valley,  afternoon  speeds  during 
May  through  August  average  near  3.5  mi/h  (6  km/h)  in 
the  clearcut;  6  mi/h  (10  km/h)  at  150  ft  (45  m)  above 
ground  and  well  above  surrounding  treetops.  These 
valley  averages  decrease  in  September  and  October.  The 
speeds  at  150  ft  are  similar  to  those  observed  at  the 
Priest  Lake  Ranger  Station  airstrip.  Combined  frequen- 
cies of  afternoon  speeds  and  directions  are  presented  in 


Table  9.— Differences  in  average  temperature,  relative  humidity,  and  windspeed  at  Priest  Lake 
Ranger  Station  (PL)  and  Priest  River  Experimental  Forest,  clearcut  site  (PR) 


Difference,  PL  minus  PR, 
1951-63,  in  parentheses 

during  1964-73  (and  during 
at  previous  PL  location) 

Temperature, 

°F 

Relative  Humidity, 
percent 

Wind,  mi/h 

Month 

At  3  p.m. 

Minimum 

at  3  p.m. 

at  3  p.m. 

June 
July 
August 
September 

-0.7 

-0.7  (-1.0) 
-1.2  (-1.1) 
-1.6 

-2.8 

-2.4  (    0.0) 
2.1  (-0.1) 
-2.2 

+  0.7 

-0.7  (  +  4.8) 
-0.1  (  +  5.6) 
+  3.2 

+  2.7 

+  3.2  (  +  2.3) 
+  3.2  (  +  2.2) 
+  2.3 
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Figure  18.— Average  windspeed  for  24-hour 
period  or  midafternoon  observation  time,  as 
noted  in  parentheses,  Priest  River  Ex- 
perimental Forest  (PREF)-northern  Idaho 
area.  At  Mullan  Pass  (MLP),  based  on  years 
1950-54;  PREF  headquarters  (HQ),  at  8ft 
height,  based  on  1912-36,  and  150ft  height, 
1924-33;  PREF  fire-weather  station  (in  clear- 
cut,  CC)  and  Priest  Lake  Ranger  Station  (PL), 
1951-70;  Gisborne  Lookout  (GIS),  1933-60;  Ex- 
perimental Station  Lookout  (EXP),  1926-32. 

table  33  (appendix);  the  directions,  at  both  valley  and 
lookout  locations,  are  predominantly  from  the  southwest. 
Frequencies  of  windspeeds  may  also  be  obtained  from 
table  30  (appendix). 

As  indicated  in  figure  19,  winds  in  the  valley  area 
typically  decrease  in  late  afternoon  and  evening.  Atop 
the  150-ft  (45-m)  tower,  average  speeds  were  down  to  3 
mi/h  (5  km/h)  from  about  10  p.m.  to  6  a.m.  during  July- 
August.  At  Gisborne  Lookout,  at  over  50  ft  (15  m) 
above  ground,  chart  recordings  available  for  two  summers 
often  showed  a  wind  increase  during  the  evening,  giving 
highest  average  speeds— 10  mi/h  (16  km/h)— at  around 
midnight;  the  wind  reached  a  minimum  at  around  10 
a.m.  At  this  time,  the  speed  was  nearly  the  same  as  in 
the  valley  above  the  forest  canopy.  Nighttime  wind  in- 
creases have  been  characterized  for  mountaintop  loca- 
tions (Baughman  1981).  Though  such  increases  do  not 
show  up  everywhere  (Court  1978),  they  have  previously 
been  noted  in  averages  obtained  at  two  lookouts  in 
southern  Idaho  (Hanna  1933). 

Nighttime  wind  directions  do  not  appear  to  change 
much  on  the  mountaintops;  8  a.m.  winds  at  Gisborne 
during  July-August  1933-40  were  from  a  southerly 
quadrant  (S,  SW,  or  SE)  on  76  percent  of  the  days.  At 
the  headquarters  location,  prevailing  8  a.m.  wind  direc- 
tion during  1931-44  was  from  the  northwest,  suggesting 
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Figure  19. — Average  diurnal  course  of  wind- 
speed  during  July-August,  Priest  River  Ex- 
perimental Forest;  atop  150-ft  tower  near 
headquarters  (based  on  years  1938-40),  and 
at  Gisborne  Lookout  (based  on  1942  and 
1944).  Heavy  dots  denote  average  8  a.m.  and 
5  p.m.  speeds  at  150  ft  (based  on  1931-44,  in- 
cluding data  from  former  exposure  on  tower- 
ing treetop).  Open  circles  denote  average  8 
a.m.  speeds  (during  1933-47)  and  3  to  5  p.m. 
speeds  (during  1933-60)  at  Lookout. 

nighttime  air  drainage  down  the  Priest  River  Valley. 
Even  so,  at  least  at  this  daylight  hour,  this  wind  direc- 
tion occurred  on  only  45  percent  of  the  July-August 
days;  south  or  southwest,  on  32  percent.  The  prevalence 
of  southwest  and  south  winds  in  the  afternoon  may  be 
enhanced  by  a  daytime  upvalley  breeze  (Schroeder  and 
Buck  1970). 

The  mountaintop  windspeed  pattern  in  figure  19  dif- 
fers from  that  shown  by  Hayes  (1941)  for  a  median  day 
in  August,  1936-38.  His  diagrams,  using  measurements 
7.5  ft  (2.3  m)  above  ground,  portray  an  afternoon  max- 
imum at  all  elevations  on  slopes  up  to  5,500  ft 
(1  675  m).  This  maximum  is  greater  on  south  slopes  than 
on  north  slopes,  possibly  as  a  result  of  greater  upslope 
breeze  and  also  greater  exposure  to  the  larger-scale 
wind.  The  maximum  speed  shown  at  5,500  ft  was  6  mi/h 
(10  km/h);  nighttime  speeds  were  down  to  3  or  4  mi/h  in 
contrast  with  speeds  of  10  mi/h  (16  km/h)  in  figure  19. 
Differences  in  anemometer  height  could  possibly  explain 
the  difference  in  afternoon  speeds  (Ayer  1960). 

An  examination  by  decades  reveals  a  peculiar  decrease 
in  windspeeds  observed  at  Gisborne  Lookout.  Table  28 
(appendix)  for  this  station  is  thus  based  only  on  the 
years  1951-60,  rather  than  1951-70.  The  afternoon 
speeds  averaged  10.0  mi/h  (16  km/h)  in  July-August 
1933-40;  9.0  mi/h  in  1941-50;  8.5  mi/h  in  1951-60;  6.1 
mi/h  in  1961-70.  The  most  recent  decrease  seems  too 
large  to  be  explained  by  natural  variation.  The 
anemometer  has  remained  exposed  atop  the  lookout 
(fig.  6A  and  communication  from  Calvin  L.  Carpenter). 
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A  change  in  instrument  (from  4-cup  anemometer  to  a  more 
accurate  3-cup  type)  may  account  for  some  of  the  decrease  in 
earlier  years. 

Extreme  July  and  August  windspeeds  shown  by 
Hanna  (1939)  reached  49  mi/h  (79  km/h)  at  Gisborne 
Lookout;  this  was  the  maximum  5-minute  average 
recorded  at  any  time  of  day  during  an  8-year  period  in 
the  1930's.  The  individual  monthly  extreme  values 
averaged  32  mi/h  (52  km/h).  Near  headquarters  at  150 
feet  (45  m)  above  ground,  the  corresponding  values 
recorded  during  a  5-year  period  were  29  mi/h  and  23 
mi/h  (47  km/h  and  37  km/h). 

Local  Site  Effects.— The  reduction  of  windspeed  within 
a  dense  timber  stand  is  shown  by  Gisborne  (1941). 
Measurements  were  made  near  headquarters  on  the 
150-ft  (45-m)  tower,  which  was  constructed  in  the  1930's 
(Fitzgerald  1958)  (fig.  20).  Wind  at  2  ft  (0.6  m)  and  49  ft 
(15  m)  heights,  under  the  canopy,  averaged  only  1  or  2 
mi/h  on  the  windiest  days.  Speeds  on  these  days  were 
near  15  mi/h  (24  km/h)  atop  the  tower,  which  was  about 
50  ft  (15  m)  above  the  surrounding  trees  at  that  time. 

Differences  in  windspeed  related  to  local  exposure  or 
aspect  are  shown  by  Larsen  (1940),  using  24-hour  data 
recorded  9  ft  (2.7  m)  above  ground.  Wind  during  the 
period  May-September  averaged  2.9  mi/h  (4.7  km/h)  on  a 
southwest  slope  near  headquarters;  0.9  mi/h  (1.4  km/h) 
m  a  northeast  slope;  1.7  mi/h  (2.7  km/h)  on  the  flat. 


Figure  20.— The  150-ft  meteorological 
tower  within  timber  stand  near  head- 
quarters, Priest  River  Experimental  Forest, 
as  it  appeared  in  1982. 


Cloudiness;  Sunshine;  Solar  Radiation 

The  period  late  autumn  through  early  winter  is  the 
cloudiest  time  of  year;  summer,  the  clearest.  The  month- 
ly average  numbers  of  days  characterized  as  clear,  partly 
cloudy,  and  cloudy  at  Priest  River  are  listed  in  table  1. 
Such  observations  were  recorded  and  published  until 
1948.  The  three  categories  are  based  on  cloud  cover, 
sunrise  to  sunset,  averaging  0  to  3  tenths,  4  to  7  tenths, 
and  8  to  10  tenths,  respectively.  The  average  numbers  of 
clear  days  range  from  5  each  in  November,  December, 
and  January  to  19  in  July  and  August;  the  numbers  of 
cloudy  days,  from  4  in  July  to  22  in  December.  More 
cloudy  days  and  fewer  clear  days  are  noted  at  the 
nearest  airport  stations,  which  record  such  days  on  the 
basis  of  hourly  observations.  For  example,  Kalispell, 
Mont.,  Lewiston,  Idaho,  and  Spokane,  Wash.— drier  loca- 
tions than  Priest  River— all  have  averages  of  only  2  or  3 
clear  days  in  December  and  January;  25  or  26  cloudy 
days  in  December.  Part  of  the  difference  may  lie  in 
classifiying  days  with  high,  thin  (cirrus-type)  clouds 
through  which  the  sun  can  shine. 

Actual  sunshine  information  for  this  area  is  lacking. 
A  solar-radiation  recorder  has  been  in  operation  at  the 
control  station  for  many  years,  but  data  tabulations 
from  the  charts  are  not  available.  Estimated  values  are 
thus  presented,  based  on  adjacent  station  data;  also  on 
maps  from  Environmental  Science  Services  Administra- 
tion (1968).  These  maps  can,  of  course,  give  only  an  ap- 
proximation in  mountainous  areas. 

The  estimated  monthly  percentages  of  maximum  possi- 
ble sunshine  are  shown  in  figure  21.  These  range  from 
about  20  percent  in  December  to  nearly  80  percent  in 
July.  For  a  location  with  level  horizons  and  no  shading 
by  trees,  the  percentages  would  translate  into  totals  of 
about  50  hours  of  sunshine  during  December  and  375 
hours  during  July;  about  2,500  hours  for  the  entire  year. 

The  incoming  solar  radiation— the  solar  energy 
received  with  sunshine  and  also  through  cloud  cover— is 
estimated  in  figure  22.  The  values  refer  to  radiation  as 
received  on  an  unobstructed  horizontal  surface  at  lower 
elevations.  Values  include  the  direct-beam  radiation  and 
the  diffuse,  or  scattered,  radiation  (Reifsnyder  and  Lull 
1965,  Schroeder  and  Buck  1970).  The  average  monthly 
totals  (curve  "a")  range  from  near  2,500  langleys 
(gm-cal/cm2)  in  December  to  19,000  langleys  in  July.  The 
annual  aggregate  is  about  125,000  langleys.  Curve  "b" 
indicates  the  radiation  that  may  be  received  on  the 
clearest  days,  free  of  haze.  For  conversion  to  units  of 
Watt  h/m2,  the  numbers  of  langleys  are  multiplied  by 
0.0861. 

Within  the  Experimental  Forest,  differences  from  the 
above  values  can  be  expected  according  to  slope  aspect 
and  angle;  also  due  to  local  surroundings  that  block  or 
reflect  sunshine.  Generally  more  radiation  should  be 
received  on  the  mountaintops  than  in  the  valley  bottom 
(Geiger  1965).  The  elevational  difference  in  radiation 
loss,  by  absorption  in  the  atmosphere  above,  is  an  im- 
portant factor. 

The  effects  of  slope  are  greater  in  winter  than  in  sum- 
mer. During  December  and  January,  a  south-facing  30° 
(58  percent)  slope  may  receive  nearly  twice  as  much  total 
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Figure  21.— Monthly  average  percentage  of 
maximum  possible  sunshine  duration, 
estimated  for  Priest  River  Experimental 
Forest. 
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Figure  22.— Annual  regime  of  solar  radiation 
(direct  and  diffuse)  estimated  for  Priest  River 
Experimental  Forest,  lower-elevation  loca- 
tion; langleys  (gm-cal/cm2)  per  day 
received  on  unobstructed  horizontal  surface. 
Vertical  marks  represent  midmonth. 


radiation  (direct  and  diffuse)  as  a  horizontal  surface.  A 
north-facing  30°  slope  may  receive  one-half  as  much 
radiation  as  the  horizontal  and  all  of  this  will  be  diffuse. 
These  estimates  utilize  direct  radiation  data  obtained 
from  Buffo  and  others  (1972).  During  July,  the  30° 
south  slope  should  receive  about  the  same  total  radia- 
tion as  the  horizontal;  the  north  slope,  perhaps  80  per- 
cent as  much. 

COMPARISON  WITH  SURROUNDING 
AREA 

Although  this  report  has  focused  on  the  Priest  River 
Experimental  Forest,  the  climatic  description  may  apply 
also  to  a  larger  area  of  the  Idaho  panhandle,  where  the 
forests  are  similar.  The  panhandle  area  lies  within  a 
broadly  similar  climatic  region,  though  horizontal  gra- 
dients and  local,  topographic  variations  do  occur.  This 
final  section  examines  how  closely  some  climatic 
statistics  at  Priest  River  compare  with  those  at  other 
available  stations.  Year-round  data  are  based  on  a 
30-year  normal  period  and  are  limited  to  valley  (or  can- 
yon) locations. 


Temperature,  Annual  Regime 

Table  10  lists  the  monthly  and  annual  mean 
temperatures  at  the  valley  locations.  These  means,  which 
average  the  daily  maximum  and  minimum  values,  offer  a 
comparison  that  tends  to  reduce  the  influences  of  local 
exposure  and  related  differences  in  diurnal  temperature 
range;  such  differences  have  already  been  shown  between 
sites  at  Priest  River.  Stations  have  been  grouped  into 
two  forest  areas  in  figure  23.  Panel  A  indicates  that  the 
monthly  mean  temperatures  at  the  control  station  are 
generally  1.0°  to  1.5°  F  (about  0.7°  C)  lower  than  those 
based  on  six  other  stations  in  the  Kaniksu  vicinity. 
Most  of  this  difference  could  be  attributed  to  the  higher 
valley  floor  at  Priest  River,  345  ft  (105  m)  above  the 
average  elevation  for  the  six  stations.  The  elevational  ef- 
fect is  countered  very  little  by  effect  of  latitude;  the 
average  location  of  the  six  stations  is  at  a  point  just  14 
miles  (23  km)  northeast  of  Priest  River. 

Noticeably  larger  temperature  differences  are  seen  in  a 
comparison  with  four  stations  in  the  Coeur  d'Alene-St. 
Joe  vicinity;  the  overall  elevation  is  similar  to  that  at 
the  control  station.  In  this  case,  the  geographic  location. 
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Table  10.  — Monthly  and  annual  mean  temperatures  at  Priest  River  Experimental  Forest  control  station  and  at  adjacent  valley  or  canyon 

stations  in  Idaho  panhandle,  except  as  noted;  based  on  30-year  normal  period,  1941-70  (EF  denotes  Experimental  Forest  and  RS 
denotes  Ranger  Station) 


Mean  Temperatures 

Station, 
elevation  (ft) 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Priest  River  EF 

2,380 

23.7 

29.3 

34.1 

43.2 

52.1 

58.3 

°F~ 

64.3 

62.8 

55.1 

44.5 

33.1 

27.3 

44.0 

Avery  RS  (former 
loc.)                2,492 

27.5 

32.9 

27.3 

45.9 

54.6 

60.9 

68.0 

67.0 

59.3 

48.4 

36.0 

29.9 

47.3 

Bonners  Ferry, 
1  SW              1,850 

25.0 

31.1 

36.7 

46.4 

54.7 

60.8 

67.0 

65.3 

57.1 

45.7 

34.4 

28.7 

46.1 

Coeur  d'Alene 
RS                  2,158 

27.4 

33.0 

37.3 

46.2 

55.0 

61.5 

69.1 

68.1 

59.9 

48.8 

37.5 

31.4 

47.9 

Heron  2  NW, 

Mont.             2,240 

24.3 

29.8 

34.0 

43.7 

51.9 

57.9 

63.6 

61.9 

54.5 

44.5 

34.0 

28.0 

44.0 

Metaline  Falls, 
Wash.1           2,107 

24.2 

30.4 

36.1 

45.6 

54.3 

60.4 

66.7 

65.1 

57.9 

46.7 

33.8 

27.8 

45.8 

Newport,  Wash. 

2,135 

24.3 

30.6 

35.8 

44.7 

53.0 

59.4 

65.6 

63.8 

56.2 

45.6 

34.3 

28.0 

45.1 

Porthill 

1,775 

23.8 

29.5 

35.3 

45.8 

54.5 

60.5 

66.6 

64.7 

56.3 

45.1 

34.1 

27.9 

45.3 

Saint  Maries 

2,145 

27.5 

33.7 

37.9 

46.2 

54.4 

60.7 

67.4 

65.9 

58.5 

49.2 

37.0 

30.9 

47.4 

Sandpoint  Exp. 
Sta.                2,100 

25.7 

31.2 

35.7 

45.0 

53.3 

59.4 

65.2 

63.6 

56.0 

45.7 

35.1 

29.1 

45.4 

Wallace,  Woodland 
Park               2,950 

25.4 

30.6 

34.1 

42.8 

50.9 

57.0 

64.1 

62.7 

55.3 

46.0 

35.2 

28.8 

44.4 

'Based  on  23  or  24  years  to  1965. 
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Figure  23.— Comparison  of  monthly  average 
temperature  and  precipitation  at  Priest  River 
Experimental  Forest  control  station  (PREF) 
and  adjacent  valley  or  canyon  stations  in 
Kaniksu  National  Forest  vicinity  (KAN)  and 
Coeur  d'Alene  St.  Joe  National  Forests  vicini- 
ty (CSJ);  based  on  30-year  normals,  1941-70. 
Panel  A:  Temperature  differences,  PREF 
minus  KAN  (six-station  average),  solid  line, 
and  PREF  minus  CSJ  (four-station  average), 
dashed  line.  Panel  B:  Precipitation  ratios, 
PREF  to  KAN  and  CSJ  station  averages. 


averaging  68  miles  (110  km)  south-southeast  of  Priest 
River,  could  account  for  about  1.0°  to  1.5°  F  (about  0.7° 
C)  of  the  difference  (based  on  average  gradients  in  the 
free  atmosphere  near  10,000  ft  [3  000  m]). 

In  table  11,  the  monthly  temperatures  are  expressed 
relative  to  the  annual  mean.  Although  the  actual  mon- 
thly means  differ  between  locations,  the  similarity  in 
this  table  indicates  that  the  shape  of  the  annual  curve  at 
Priest  River  is  typical  for  the  Idaho  panhandle. 

Precipitation,  Annual  Regime 

Table  12  lists  the  monthly  and  annual  average 
precipitation.  As  indicated  in  figure  23B,  amounts  at  the 
Priest  River  control  station  average  somewhat  higher 
than  the  overall  average  for  valley  locations  in  the  Idaho 
panhandle.  Amounts  are  about  the  same,  however,  at 
nearby  Sandpoint  and  are  slightly  higher  at  valley  (or 
canyon)  stations  to  the  southeast,  near  Avery,  Heron, 
and  Wallace.  Table  13  compares  the  cumulative  monthly 
precipitation,  expressed  in  percentage  of  water-year 
total.  The  resulting  distributions  at  Priest  River  and 
over  the  larger  Kaniksu  and  Coeur  d'Alene-St.  Joe  areas 
are  nearly  identical. 

At  higher  elevations,  snow  surveys  indicate  that  much 
of  the  Idaho  panhandle  has  heavier  precipitation  than 
Priest  River  Experimental  Forest.  As  noted  earlier,  at 
approximately  4,800  ft  (1  463  m),  the  April  1  snowpack 
water  content  at  Schweitzer  Bowl  averages  31  inches 
(785  mm),  compared  with  20  inches  (515  mm)  at  Benton 
Spring.  At  the  four  other  snow  courses  near  this  eleva- 
tion, the  corresponding  water  content  averages  between 
30  inches  (755  mm)  at  Copper  Ridge,  east  of  Coeur 
d'Alene.  and  49  inches  (1  240  mm)  at  Smith  Creek, 
northwest  of  Bonners  Ferry;  the  latter  amount  implies 
about  80  inches  (2  000  mm)  annual  precipitation. 
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Table  11.  — Monthly  mean  temperatures,  expressed  as  differences  from  annual  mean  temperature,  based  on  30-year  normal 

period,  1941-70;  at  Priest  River  Experimental  Forest  control  station  (PREF)  and  groupings  of  stations  in  Kaniksu  Na- 
tional Forest  vicinity  (KAN)  and  Coeur  d'Alene-St.  Joe  National  Forests  vicinity  (CSJ) 


Difference  from  annual 

mean 

Station  or 
grouping 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June         July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

PREF 
KAN1 
CSF2 

-20.3 
-20.7 
-19.8 

-14.7 
-14.9 
-14.2 

-9.9 

-9.7 

-10.1 

-0.8 

-.1 

-1.5 

+  8.1 
+  8.3 
+  7.0 

+  14.3       +20.3 
+  14.4        +20.5 
+  13.3        +20.4 

+  18.8 
+  18.8 
+  19.2 

+  11.1 
+  11.0 
+  11.5 

+  0.5 

+  .3 
+  1.4 

-10.9 
-11.0 
-10.4 

-16.7 
-17.0 
-16.5 

'Average  from  six  stations:  Bonners  Ferry,  Heron,  Metaline  Falls,  Newport,  Porthi II,  and  Sandpoint. 
2Average  from  four  stations:  Avery,  Coeur  d'Alene,  Saint  Maries,  and  Wallace  (Woodland  Park). 


Table  12.— Average  monthly  precipitation  at  Priest  River  Experimental  Forest  control  station  and  at  adjacent  valley  or  canyon  stations  in 
Idaho  panhandle,  except  as  noted;  based  on  30-year  normal  period,  1941-70.  (EF  denotes  Experimental  Forest  and  RS  denotes 
Ranger  Station) 


Average  precipitation 

Station 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Priest  River  EF 

4.39 

3.08 

2.83 

2.08 

2.54 

2.71 

0.94 

1.16 

1.66 

3.22 

4.17 

4.52 

33.30 

Avery  RS  (former 
location) 

4.29 

3.17 

2.91 

2.59 

2.60 

2.72 

1.08 

1.28 

1.90 

3.18 

4.07 

4.07 

33.86 

Bonners  Ferry 
1  SW 

3.40 

2.13 

1.72 

1.26 

1.67 

1.85 

.80 

1.00 

1.50 

2.39 

3.43 

3.39 

24.54 

Coeur  d'Alene  RS 

3.64 

2.42 

2.13 

1.67 

2.15 

2.03 

.67 

.97 

1.26 

2.38 

3.27 

3.44 

26.03 

Heron  2  NW, 
Mont. 

4.63 

3.47 

2.84 

2.11 

2.48 

2.89 

.81 

1.39 

2.07 

3.15 

4.39 

4.47 

34.70 

Metaline  Falls, 
Wash.1 

3.14 

2.28 

1.97 

1.70 

2.43 

2.84 

1.19 

1.39 

1.53 

2.73 

3.20 

3.49 

27.89 

Newport,  Wash. 

3.75 

2.61 

2.36 

1.88 

2.19 

2.01 

.75 

1.01 

1.53 

2.77 

3.70 

3.74 

28.30 

Porthill 

2.40 

1.57 

1.44 

1.20 

1.81 

2.11 

.82 

1.22 

1.44 

1.91 

2.50 

2.45 

20.87 

Saint  Maries 

4.20 

2.97 

2.68 

2.13 

2.23 

2.31 

.71 

1.01 

1.47 

2.61 

3.74 

3.92 

29.98 

Sandpoint  Exp. 
Sta. 

4.52 

3.23 

2.74 

2.08 

2.36 

2.44 

.73 

1.17 

1.83 

3.32 

4.27 

4.52 

33.21 

Wallace, 
Woodland  Park 

4.75 

3.44 

3.20 

2.64 

2.58 

2.83 

1.07 

1.23 

2.12 

3.62 

4.60 

4.84 

36.92 

1Based  on  23  or  24  years  to  1965,  plus  5  or  6  years  at  Boundary  Dam  (located  9  miles  to  north). 


Table  13.— Average  cumulative  water-year  precipitation  at  end  of  each  month,  in  percentage  of  annual  total,  based  on  30-year 
normal  period,  1941-70;  at  Priest  River  Experimental  Forest  control  station  (PREF)  and  groupings  of  stations  as  in 
table  11 


Station  or 
grouping 


Oct. 


Nov. 


Cumulative  water-year  precipitation,  at  end  of  month 


Dec. 


Jan. 


Feb.  Mar.         April 


May 


June 


July 


Aug.        Sept. 


PREF 
KAN1 
CSF2 


9.7 

22.2 

35.8 

48.9 

9.6 

22.2 

35.3 

48.1 

9.3 

21.7 

34.5 

47.8 

Percent  of  total 

58.2          66.7  72.9          80.6          88.7          91.5          95.0         100.0 

57.2           64.9  70.9           78.6          86.9           89.9          94.2          100.0 

57.2          65.9  73.0           80.5           88.3           91.1           94.7          100.0 


'Average  from  six  stations:  Bonners  Ferry,  Heron,  Metaline  Falls,  Newport,  Porthill,  and  Sandpoint. 
2Average  from  four  stations:  Avery,  Coeur  d'Alene,  Saint  Maries,  and  Wallace  (Woodland  Park). 
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Afternoon  Temperature,  Relative 
Humidity,  and  Wind  During  Fire  Season 

July-August  average  afternoon  temperature  and 
relative  humidity  at  fire-weather  stations  are  mapped  in 
figure  24;  wind,  in  figure  25.  The  data,  for  1500  P.s.t., 
are  based  on  only  a  10-year  period,  1961-70,  to  maximize 
the  number  of  stations  having  comparable  years  of 
record.  The  stations  are  limited  to  the  Kaniksu  and 
Coeur  d'Alene  National  Forests  and  vicinity.  (Data 
shown  for  Spokane,  Wash.,  are  not  included  in  the 
calculations.)  The  2-month  average  tends  to  compensate 
for  unrepresentative  averages  of  the  individual  months. 
For  example,  August  1961-70  afternoons,  overall,  were 
warmer  than  normal  in  the  Idaho  panhandle  (example, 
table  5);  July  1961-70,  near  or  slightly  cooler  than  nor- 
mal. Adjustments  were  made  for  incomplete  records  at 
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Figure  24.— Summer  afternoon  average 
temperature,    F  (upper  number)  and  relative 
humidity,  percent,  at  stations  in  Idaho 
panhandle  and  adjacent  Washington;  at  1500 
P.s.t.,  average  for  July  and  August  combined, 
based  on  years  1961-70.  Small  numbers 
below  station  names  are  elevations,  ft  m.s.l. 
Averages  for  lookouts  (locations  shown  by 
triangles)  have  been  adjusted  for  missing 
data  (see  text).  Averages  at  Priest  Lake  (from 
1964-73  data  at  present  station)  and  Sandpoint 
(from  1963-70  data)  have  also  been  adjusted. 


lookouts,  which  commonly  are  vacant  in  early  July  and 
late  August— particularly  with  cool,  moist  conditions. 

Calculations  show  that  the  temperature  (or  "dry  bulb") 
at  Priest  River,  clearcut  site,  averages  0.9°  F  (0.5°  C) 
lower  than  at  the  eight  other  valley  stations  (which 
average  slightly  lower  in  elevation);  relative  humidity, 
0.5  percent  higher.  Including  the  11  lookouts,  the  overall 
lapse  rate  of  afternoon  dry  bulb  between  stations  is  4.1° 
F  per  1,000  ft  (7.5°  C  per  1  000  m)— close  to  the  rate 
found  between  the  Priest  River  clearcut  and  Gisborne 
Lookout.  Little  relationship  is  found  between  average 
relative  humidity  and  elevation  at  the  valley  stations 
(which  lie  within  a  narrow  elevational  range),  but  the 
higher  averages  at  adjacent  lookouts  give  an  overall  in- 
crease of  3.5  percent  per  1,000  ft  (305  m)— near  the  rate 
of  3.8  percent  per  1,000  ft  found  at  Priest  River. 

As  within  the  Experimental  Forest,  summer  afternoon 
winds  are  from  a  prevailing  southwesterly  direction  over 
most  of  the  Idaho  panhandle  (and  adjacent  eastern 
Washington)  (fig.  25).  Some  exceptions  are  seen,  related 
to  local  topography  (such  as  intervening  terrain  and 
valley  or  canyon  orientation).  As  shown  earlier  in  the 


SO     Ml 

I 


4000     FT     ELEVATION     CONTOUR 


Figure  25.— Summer  afternoon  average  wind- 
speed,  mi/h,  and  prevailing  direction  at  sta- 
tions as  in  figure  24;  based  on  available 
observations  at  1500  P.s.t.  during  July- 
August,  1961-70.  Directions  are  shown  by  ar- 
rows (pointing  downwind). 
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comparison  with  Priest  Lake,  windspeeds  in  the  Priest 
River  valley  area  are  relatively  low.  Speeds  at  the  other 
valley  stations  averaged  generally  near  5.0  mi/h 
(8.0  km/h),  one-third  higher  than  at  Priest  River.  Wind- 
speeds  at  the  10  surrounding  lookouts,  at  elevations 
averaging  5,615  ft  (1  712  m),  had  an  overall  average  of 
6.5  mi/h  (10.5  km/h)— just  0.5  mi/h  higher  than  the 
Gisborne  Lookout  average  for  1961-70,  which  earlier 
was  found  to  be  rather  low  when  compared  with  speeds 
in  previous  decades.  The  lookout  windspeeds,  while 
higher  than  at  adjacent  valley  locations,  show  a  weak 
correlation  with  elevation  (r  was  0.36).  The  highest" 
lookout,  on  Roman  Nose  Mountain,  did  have  the  highest 
average  speed,  10  mi/h  (16  km/h). 

In  summary,  the  above  comparisons  indicate  that  the 
climatic  data  for  Priest  River  Experimental  Forest  close- 
ly follow  the  pattern  found  over  most  of  the  Idaho 
panhandle.  Numerical  values  are  also  similar  in  many 
cases,  particularly  when  adjustments  are  made  for  eleva- 
tion and  latitude  differences.  Similar  local  topographic 
effects  may  be  expected.  The  Priest  River  valley  area, 
representing  a  location  with  well-timbered  surroundings, 
does  have  lower  windspeeds  than  surrounding  fire- 
weather  stations. 


CONCLUDING  REMARKS 

The  Priest  River  Experimental  Forest  contains  within 
its  10-mi2  (25-km2)  area  the  climatic  characteristics  iden- 
tified with  mountainous  areas  in  general;  these  are 
superimposed  upon  the  characteristics  related  to  its 
geographic  location.  Resulting  statistics  have  been 
presented.  In  a  comparison  with  adjacent  stations,  these 
statistics  were  found  to  follow  the  seasonal  pattern  oc- 
curring over  the  larger  Idaho  panhandle  area— numerical 
values  were  also  similar  in  many  cases. 

Priest  River  stands  out  in  its  history  of  weather  and 
climatological  observations.  These  have  been  taken  at 
permanent  stations  and  also  at  a  variety  of  sites  as  part 
of  various  studies.  The  aggregate  of  measurements 
represents  the  efforts  of  many  persons  throughout  the 
years.  Local  effects  of  elevation,  slope,  and  timber  cover 
are  reflected  in  the  data  thus  obtained.  Our  climatic 
description  has  borrowed  upon  much  of  this  resource; 
there  were  additional  data  not  as  readily  available  in 
publications  or  not  as  yet  tabulated  into  usable  form. 
The  findings  for  Priest  River,  representing  much  of  adja- 
cent northern  Idaho,  add  to  the  store  of  knowledge  that 
researchers  and  managers  may  draw  upon  for  inferences 
in  forested  mountain  areas  elsewhere. 
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APPENDIX:  Detailed  Listings  and  Summaries  of  Data— Tables  14  through  33 

Table  14.  — Monthly  and  annual  precipitation,  1911-82,  at  Priest  River  Experimental  Forest 
control  station 


Precipitation 

Year 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Annual 

.  . 

1911 

4.37 

1912 

5.14 

3.30 

1.27 

2.46 

268 

2.14 

2.58 

2.68 

1.51 

3.35 

5.83 

4.06 

37.00 

1913 

3.77 

.57 

2.17 

1.33 

2.24 

3.31 

1.22 

.69 

2.10 

1.76 

7.03 

.91 

27.09 

1914 

5.95 

3.14 

2.02 

2.58 

2.36 

2.94 

1.83 

.17 

3.70 

3.85 

4.57 

1.20 

34.31 

1915 

1.10 

2.36 

1.55 

2.34 

3.65 

1.53 

3.05 

.28 

1.72 

2.24 

5.12 

5.57 

30.51 

1916 

4.51 

2.54 

5.93 

2.00 

2.59 

3.23 

1.66 

1.22 

1.86 

1.15 

3.30 

2.82 

32.81 

1917 

2.86 

2.38 

3.29 

3.41 

3.00 

1.76 

.04 

.06 

.66 

.63 

1.76 

7.63 

27.48 

1918 

3.16 

4.18 

2.89 

.37 

1.24 

.84 

.60 

4.22 

61 

4.36 

3.80 

2.86 

29.13 

1919 

5.75 

5.35 

4.31 

2.28 

2.23 

.20 

.04 

1.52 

1.62 

1.44 

2.68 

2.30 

29.72 

1920 

1.86 

2.83 

1.47 

2.89 

2.99 

2.07 

1.07 

.82 

3.99 

1.98 

4.65 

4.62 

31.24 

1921 

3.71 

2.59 

2.84 

2.87 

.91 

.87 

.14 

.48 

1.03 

2.54 

3.72 

2.23 

23.93 

1922 

2.00 

1.66 

2.35 

3.59 

1.07 

.14 

.20 

.68 

2.04 

3.85 

.59 

7.54 

25.71 

1923 

5.96 

.90 

1.55 

1.07 

2.26 

2.06 

.68 

1.12 

.63 

1.77 

3.21 

4.45 

25.66 

1924 

4.08 

3.55 

.99 

.30 

.82 

1.50 

.33 

1.41 

1.19 

2.96 

4.32 

2.78 

24.23 

1925 

5.63 

4.81 

1.91 

1,24 

2.59 

1.22 

.07 

.39 

1.01 

.73 

2.43 

4.55 

26.58 

1926 

3.25 

4.19 

.25 

.70 

2.06 

.85 

.16 

4.24 

2.40 

2.44 

4.00 

2.99 

27.53 

1927 

4.60 

5.23 

1.65 

1.29 

2.71 

3.23 

.76 

1.52 

7.50 

3.62 

6.29 

2.93 

41.33 

1928 

1.90 

.74 

4.66 

2.80 

.81 

1.79 

1.66 

.60 

.05 

3.12 

2.50 

3.76 

24.39 

1929 

1.79 

.62 

1.61 

1.62 

.74 

2.76 

.03 

.31 

.38 

1.13 

.11 

4.92 

16.02 

1930 

1.39 

3.73 

1.14 

2.15 

2.18 

1.63 

.06 

1.78 

.61 

2.29 

2.20 

1.42 

20.58 

1931 

4.01 

2.88 

3.99 

1.32 

1.10 

1.55 

.49 

T1 

2.10 

3.00 

4.37 

6.82 

31.63 

1932 

4.67 

3.63 

3.84 

3.63 

3.01 

.84 

.48 

.41 

.50 

2.79 

5.71 

5.75 

35.26 

1933 

4.82 

2.03 

3.57 

.64 

1.49 

1.97 

.08 

.29 

2.28 

3.37 

1.95 

11.22 

33.71 

1934 

6.67 

1.05 

2.74 

1.78 

1.47 

.75 

.04 

.08 

.81 

4,95 

5.85 

5.63 

31.82 

1935 

6.70 

1.15 

2.59 

.64 

.72 

1.28 

1.36 

.69 

.15 

2.13 

2.55 

3.08 

23.04 

1936 

4.84 

2.30 

1.75 

.98 

1.36 

2.37 

.59 

.73 

2.84 

.59 

.40 

4.21 

22.96 

1937 

2.93 

4.78 

1.29 

4.42 

.37 

4.35 

2.65 

.83 

1.73 

2.68 

7.69 

6.40 

40.12 

1938 

4.44 

326 

3.83 

1.42 

.91 

1.41 

.68 

.66 

.54 

2.81 

2.23 

3.72 

25.91 

1939 

3.97 

2.84 

1.79 

.61 

.82 

3.03 

.33 

.07 

.69 

2.48 

1.41 

6.15 

24.19 

1940 

2.18 

596 

3.65 

2.65 

1.30 

.63 

.55 

25 

2.91 

4.23 

3.37 

4.17 

31.85 

1941 

3.25 

1.76 

1.44 

.48 

6.24 

2.73 

.72 

1.94 

4.69 

2.31 

3.66 

6.66 

35.88 

1942 

1.54 

1.93 

1.80 

1.95 

4.69 

4.06 

2.60 

.30 

.71 

2.96 

6.02 

4.29 

32.85 

1943 

3.14 

2.09 

3.55 

2.92 

3.15 

3.24 

.65 

1.19 

.03 

5.25 

1.37 

2.96 

29.54 

1944 

2.48 

1.67 

.96 

2.55 

2.42 

3.16 

.40 

.69 

1.86 

1.49 

2.97 

2.39 

23.04 

1945 

3.88 

2.71 

5.99 

1.59 

3.14 

1.83 

.62 

.36 

3.15 

3.20 

4.88 

3.70 

35.05 

1946 

4.20 

3.57 

3.50 

3.03 

1.11 

4.19 

.42 

.41 

2.24 

2.84 

5.53 

3.83 

34.87 

1947 

3.64 

1.75 

2.31 

1.84 

.94 

4.24 

.47 

2.11 

2.80 

8.31 

2.14 

2.84 

33.39 

1948 

3.09 

4.23 

1.56 

4.51 

5.18 

4.92 

3.43 

.91 

1.06 

1.41 

5.03 

4.10 

39.43 

1949 

.70 

6.53 

3.65 

1.22 

1.65 

.85 

.40 

.62 

1.76 

3.22 

4.79 

5.01 

30.40 

1950 

5.58 

3.82 

5.57 

1.70 

.92 

3.54 

1.26 

1.39 

.51 

8.12 

3.62 

4.73 

40.76 

1951 

5.42 

3.51 

3.28 

.56 

1.82 

2.31 

.91 

62 

1.78 

8.19 

3.89 

6.62 

38.91 

1952 

5.32 

2.14 

2.00 

1.34 

1.04 

4.10 

46 

.22 

.45 

.47 

1.25 

4.84 

23.63 

1953 

8.31 

2.23 

2.32 

2.47 

2.33 

2.88 

.09 

2.42 

.38 

.89 

3.10 

4.40 

31.82 

1954 

8.38 

3.29 

1.92 

2.17 

1.95 

3.31 

1.49 

2.84 

.89 

.97 

3.31 

3.61 

34.13 

1955 

2.46 

3.33 

2.37 

4.53 

1.60 

2.93 

2.72 

.01 

3.19 

5.46 

5.75 

7.46 

41.81 

1956 

4.99 

3.92 

3.16 

.47 

1.27 

2.21 

2.06 

1.57 

.66 

3.68 

.66 

4.31 

28.96 

1957 

2.31 

5.20 

2.53 

1  40 

4.83 

2.30 

.19 

1.23 

.64 

3.29 

2.40 

5.37 

31.69 

1958 

4.71 

5.57 

2.29 

3.82 

.61 

4.13 

.70 

.90 

1.36 

1.95 

5.47 

4.10 

35.61 

1959 

7.57 

2.57 

2.18 

1.99 

3.98 

1.93 

.21 

1.16 

4.04 

2.77 

7.79 

3.26 

39.45 

1960 

3.11 

2.33 

3.84 

2.18 

4.10 

.97 

T 

1.81 

1.19 

2.93 

8.58 

1.74 

32.78 

1961 

3.58 

5.96 

3.04 

2.23 

4.52 

1.53 

.90 

.84 

.79 

4.05 

2.57 

6.52 

36.53 

1962 

2.42 

1.85 

3.36 

1.82 

4.67 

.60 

.44 

.99 

2.92 

3.04 

6.71 

3.89 

32.71 

1963 

1.40 

3.43 

3.25 

3.02 

2.03 

2.93 

1.20 

.43 

1.26 

2.45 

6.11 

2.71 

30.22 

1964 

5.12 

.78 

3.86 

1.25 

1.37 

2.16 

1.50 

2.72 

2.20 

.50 

5.49 

6.95 

33.90 

1965 

3.34 

343 

.36 

2.87 

1.64 

1.35 

.72 

2.79 

1.00 

.38 

4.07 

3.76 

25.71 

1966 

5.19 

1.18 

4.80 

.54 

1.46 

4.09 

1.15 

.92 

.31 

1.61 

6.65 

6.51 

34.41 

1967 

7.93 

1.40 

4.12 

2.12 

1.48 

2.54 

.26 

.05 

.35 

4.79 

2.46 

3.12 

30.62 

1968 

4.88 

4.24 

2.41 

1.07 

1.68 

2.17 

.84 

3.27 

2.39 

5.09 

4.46 

5.84 

38.34 

1969 

6.78 

2.06 

1.16 

3.39 

2.89 

2.24 

.80 

T 

2.98 

1.55 

1.94 

4.15 

29.94 

1970 

6.87 

3.77 

2.17 

1.42 

1.49 

206 

.53 

12 

2.20 

3.31 

2.28 

6.07 

32.29 

1971 

4.43 

2.54 

3.37 

2.58 

1.78 

3.13 

.87 

1.84 

2.07 

1.89 

2.98 

5.25 

32.73 

1972 

4.23 

3.59 

2.69 

2.43 

1.90 

3.23 

1.34 

1.42 

1.83 

.78 

2.57 

5.24 

31.16 

1973 

4.09 

1.09 

1.71 

.81 

2.30 

.61 

T 

.47 

2.61 

2.51 

10.46 

7.77 

34.43 

1974 

8.26 

3.96 

3.58 

1.98 

3.49 

.73 

2.19 

86 

.98 

.18 

7.81 

5.02 

39.04 

1975 

3.55 

4.32 

2.61 

2.14 

1.62 

2.31 

2.13 

2.83 

.33 

3.68 

2.98 

3.76 

32.26 

1976 

2.S0 

4.50 

1.75 

2.52 

1.98 

1  28 

.90 

3.66 

.12 

.89 

1.36 

1.85 

23.61 

1977 

1.24 

1.11 

2.28 

32 

2.42 

1.02 

.50 

2.20 

2.21 

1.66 

4.02 

7.27 

26.25 

1978 

3.62 

2.15 

1.45 

2.53 

4.73 

1.22 

3.41 

2.98 

1.73 

.25 

2.48 

1.46 

28.01 

1979 

1.10 

6.45 

1.46 

2.05 

2.44 

.72 

1.36 

.84 

.98 

2.81 

1.46 

5.64 

27.31 

1980 

3.92 

3.17 

2.65 

2.53 

2.77 

1.72 

1.56 

1.72 

2.32 

1.03 

4.91 

6.78 

35.08 

1981 

1.09 

4.25 

1.66 

3.20 

3.14 

4.32 

1.96 

.04 

1.59 

3.02 

296 

4.30 

31.53 

1Q»o 

4.26 

6.04 

4.08 

4.15 

1.60 

2.15 

1  94 

.64 

2.49 

2.06 

4.05 

5.24 

38.70 

50-year  average,  1931-80 

4.28  3.10  2.75  2.01  2.28 


2.31  .99  1.15  1.59  2.82  4.03  4.86 


'T  ■  trace,  an  amount  too  small  to  measure. 
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Table  15.— Precipitation  statistics  for  Priest  River  Experimental  Forest   control  station;  amounts  in  inches.  Mean  totals  are 
based  on  50  years,  1931-80.  Extremes  are  for  1912-82;  listed  year  (first  two  digits  omitted)  is  the  most  recent  in 
cases  of  more  than  one  occurrence.  Number  .00  denotes  either  zero  or  trace  (less  than  0.005  inch) 


PRECIPITATION 


BY  10  (OR  ID-DAY  AIVD  MONTHLY  PEKIODS 


STATION  NUMBER   1  u  7.686 


PRIEST  RIVER  EXP  FOK  (CONTROL  STN) 


YPS  1931-1980 
EXCEPT  AS  NOTED 


10-DAY  AND  MONTHLY  TOTALS 


MAXIMUM  DAILY  TOTALS 


1912- 

•1982 

[   1912- 

■1982 

PERIOD 

MEAN 

STD 

HIGHEST 

LOwEST   ] 

[   EXTREME, 

AVG 

STD 

BEGINS 

TCTAL 

DEV 

MEDIAN 

TOT, 

YR 

TOT 

YR   ] 

YR 

MAX 

DEV 

MEDI 

JAN 

1 

1  .36 

.99 

1.23 

3.61 

23 

.00 

20   J 

[   1.23 

59 

.54 

.34 

.54 

JAH 

11 

1.56 

1.22 

1.36 

6.12 

74 

.00 

46   J 

[   1.74 

67 

.67 

.48 

.61 

JAN 

21 

1.36 

1.04 

1.08 

3.73 

70 

.00 

00   J 

L   1.60 

59 

.57 

.42 

.51 

FE« 

1 

1.14 

.77 

1.08 

3.09 

49 

.00 

54   ] 

[   1.53 

49 

.47 

.35 

.42 

FEB 

11 

1  .01 

.89 

.83 

3.58 

70 

.00 

34   j 

[   1.73 

70 

.45 

.37 

.37 

FEB 

21 

0.9? 

.£7 

.70 

3.41 

57 

.00 

70   j 

[   1.53 

5  8 

.45 

.37 

.39 

MAR 

1 

0.91 

.66 

.78 

3.63 

66 

.00 

6b   J 

L   1.90 

66 

.43 

.33 

.37 

MAP 

11 

0.88 

.73 

.71 

3.18 

45 

.00 

3o  : 

[   1.38 

50 

.37 

.26 

.32 

MAR 

?1 

0.9b 

.72 

.83 

2.73 

43 

.00 

66   ] 

[    .97 

67 

.4  0 

.25 

.37 

APR 

1 

0.67 

.55 

.51 

2.17 

63 

.00 

77   j 

L   1.17 

71 

.34 

.26 

.34 

APR 

11 

C.70 

.72 

.44 

2.84 

37 

.00 

51   J 

[   1.50 

82 

.34 

.28 

.27 

APR 

21 

0.64 

.56 

.44 

2.1? 

53 

.00 

77  > 

I   1.16 

53 

.35 

.29 

.28 

MAY 

1 

0.75 

.67 

.67 

3.41 

61 

.CO 

71   j 

[   1.07 

79 

.34 

.22 

,26 

MAY 

11 

0.79 

.67 

.53 

3.98 

57 

.00 

79   J 

[   1.69 

41 

.41 

.38 

.33 

MAY 

21 

0.74 

.70 

.49 

2.53 

25 

.ou 

5C   j 

t   2.05 

25 

.30 

.36 

.30 

JUIJ 

1 

0.84 

.72 

.70 

2.79 

47 

.00 

65   J 

[   1.51 

46 

.43 

.38 

.36 

JUN 

11 

0.81 

.70 

.00 

3.10 

37 

.00 

67   ] 

I   1.47 

16 

.41 

.28 

.44 

JUN 

21 

0.66 

.64 

.59 

2.74 

55 

.CO 

77   j 

L   1.48 

55 

.36 

.32 

.27 

JUL 

1 

0  .43 

.46 

.27 

1.66 

48 

.00 

73   j 

L   1.09 

48 

.27 

.26 

.15 

JUL 

11 

0.36 

.52 

.12 

2.11 

78 

.00 

73   j 

L   1.34 

37 

.21 

.26 

.10 

JUL 

21 

0.21 

.29 

.05 

1.29 

15 

.00 

80   j 

L    .37 

37 

.14 

.20 

.04 

AUG 

1 

C.21 

.31 

.06 

1.44 

18 

.00 

81   i 

[    .77 

19 

.13 

.18 

.04 

AUG 

U 

0.34 

.58 

.06 

2.63 

68 

.00 

81   ] 

[   1.66 

18 

.20 

.20 

.04 

AUG 

21 

0.61 

.64 

.45 

2.62 

26 

.00 

74   j 

L   1.24 

75 

,3b 

.  36 

.27 

SEP 

1 

0.51 

.63 

.24 

2.96 

27 

.00 

73   . 

[   1.62 

40 

.32 

.38 

.13 

SEP 

11 

0.57 

.58 

.39 

3.44 

27 

.00 

75   . 

[   1.65 

27 

.32 

.33 

.26 

SEP 

21 

0.51 

.59 

.32 

2.16 

55 

.00 

79   . 

[   1.16 

62 

.28 

.29 

.19 

OCT 

1 

0.61 

.90 

.53 

3.61 

55 

.00 

80   . 

[   1.75 

51 

.40 

.43 

.28 

OCT 

11 

0.77 

.95 

.44 

4.78 

47 

.00 

si  : 

[   1.45 

46 

.37 

.36 

.32 

OCT 

21 

1.24 

1.01 

.90 

3.62 

50 

.00 

b5  : 

[   1.57 

18 

.50 

.36 

.42 

NOV 

1 

1.14 

,75 

1.C5 

4.31 

12 

.00 

61   . 

[   1.31 

18 

,58 

.34 

.59 

NOV 

11 

1  .54 

1.28 

1.35 

5.08 

73 

.00 

44   . 

[   2.40 

59 

.63 

.52 

.54 

NOV 

21 

I  .35 

.96 

1.15 

3.b7 

62 

.00 

56  : 

t   1.75 

80 

.60 

.42 

.50 

DEC 

1 

1.50 

.92 

1.34 

3.21 

70 

.00 

72   . 

[   1.64 

41 

.61 

.35 

.54 

DEC 

11 

1  .61 

1.32 

1.39 

6.60 

33 

.00 

7b   . 

[   2.21 

51 

.64 

.50 

.56 

DEC 

21 

1.75 

1.02 

1.64 

3.95 

37 

.06 

30   ] 

t   1.30 

74 

.65 

.31 

.63 

MONTH 


JAN 

FEB 
^1AR 
APR 
MAY 
JUN 
JUL 
AUG 
SEI 
OCT 
NOV 
DEL 


ANNUAL 


4.26 

1.94 

4.05 

8.38 

54 

.70 

49   j 

i   1.74 

67 

.90 

.38 

.84 

3.10 

1.46 

3.0  3 

6.53 

49 

.57 

13   ] 

[   1.73 

70 

.75 

.37 

.69 

2.75 

1.15 

2.60 

5.99 

45 

.25 

26  ; 

L   1.90 

66 

.62 

.29 

.57 

2.01 

1.06 

1.99 

4.53 

35 

.30 

24  : 

L   1.50 

62 

.59 

.24 

.60 

2.26 

1.39 

1.8  0 

6.24 

41 

.37 

37   J 

L   2.05 

25 

.65 

.36 

.57 

2.31 

1.19 

2.23 

4.9? 

46 

.14 

22   J 

[   1.51 

46 

.67 

.33 

.66 

0.99 

.85 

.71 

3.43 

48 

.00 

73   J 

[   1.34 

37 

.37 

.27 

.34 

1.15 

.98 

*.0  5 

4.24 

26 

.00 

69   J 

[   1.66 

18 

.49 

.36 

.43 

1.59 

1.09 

l.  ^5 

7.50 

27 

.03 

43   ] 

[   1.65 

27 

.59 

.36 

.51 

2.62 

1.94 

2.73 

8.31 

47 

.18 

74   ] 

[   1  .  75 

51 

.76 

.39 

.67 

4.03 

2.23 

3.64 

10.46 

73 

.11 

29   ] 

L   2.40 

59 

.90 

.39 

.86 

4.66 

1.63 

4.57 

11.22 

33 

.91 

1?   ] 

[   2.23 

51 

.91 

.37 

.91 

2.17 

4.99 

32.50 

41.81 

55 

16.02 

29   J 

L   2.40 

59 

29 


Table  16.— Frequency  distribution  of  daily  precipitation  amounts  at  Priest  River  Experimental  Forest   control  station;  based  on 
years  1931  through  1977 


PRECIPITATION    -    PERCENTAGE  FREQUENCY  OF  DAILY  AMOUNTS   (INCHES) 
GIVEN  TO  WEAKEST  TENTH  PERCENT,  DECIMAL  POINT  OMITTED 


STATION 

Nl  Hi  1' 

1G73U6     h 

RIEST  RIVER  EXP 

FOX  (CO 

JTROL  ST'.') 

RION 

TOTAl 

MOM. 

ATOOM  El 

iCAL  TO  OR 

GREATEh 

THAN 

GINS 

NAYS 

O.oi 

0.0  5 

0.10 

0.20 

0  .30 

0  .40 

0.^0 

0.60 

0.80 

1.00 

1.50 

N   1 

470 

540 

426 

343 

cir 

164 

130 

3  5 

64 

28 

13 

N  11 

4  70 

562 

466 

377 

247 

177 

134 

102 

77 

34 

30 

11 

N  21 

5  17 

5ns 

39') 

319 

217 

157 

106 

77 

56 

25 

15 

2 

'  1 

47H 

472 

369 

328 

211 

132 

83 

55 

34 

19 

9 

2 

li  11 

471; 

44  7 

330 

253 

157 

119 

67 

68 

49 

17 

11 

2 

11  21 

3  6  0 

446 

366 

276 

19b 

142 

98 

b4 

46 

26 

13 

3 

R   1 

4  7  1 

4?1 

34  3 

262 

179 

123 

72 

45 

21 

9 

6 

2 

R  11 

4  70 

445 

336 

266 

177 

109 

7n 

36 

13 

6 

4 

fl  21 

517 

4)2 

33e 

277 

i7fa 

10b 

7  0 

3  7 

21 

8 

K   1 

471. 

372 

277 

165 

12E 

72 

55 

30 

19 

2 

2 

H  11 

4  7.1 

340 

251 

196 

115 

85 

55 

38 

26 

11 

■>    21 

470 

374 

24  0 

172 

96 

72 

49 

38 

21 

6 

4 

t       1 

4  7fi 

4  ]  « 

30  0 

228 

132 

70 

49 

26 

13 

4 

Y  11 

47C 

36  0 

268 

196 

13IJ 

91 

60 

43 

30 

19 

9 

2 

r  23 

517 

34  J 

232 

104 

10b 

64 

46 

31 

23 

14 

10 

N   1 

4  7  0 

394 

290 

2  34 

164 

102 

70 

43 

2P 

15 

9 

2 

N  11 

470 

372 

?69 

232 

±45 

98 

77 

53 

36 

9 

1  ?  1 

1171 

32  3 

249 

191 

115 

El 

64 

36 

21 

9 

2 

L   1 

47C 

221 

177 

106 

04 

49 

30 

19 

11 

4 

2 

L  1  i 

47; 

lol 

123 

89 

5] 

38 

19 

13 

11 

2 

2 

L  21 

517 

114 

85 

72 

4  3 

23 

10 

4 

4 

2 

G   1 

4  70 

157 

109 

72 

36 

26 

11 

6 

2 

G  1  1 

4  ?r 

14  0 

9(5 

79 

49 

36 

30 

19 

2 

G  21 

517 

244 

176 

141 

93 

64 

54 

33 

23 

14 

8 

P   1 

470 

2J7 

145 

106 

rz 

51 

40 

28 

26 

15 

g 

2 

P  11 

4  7  0 

263 

204 

153 

9  k 

69 

4* 

34 

26 

11 

2 

P  21 

4  7L 

272 

189 

1  47 

91 

66 

45 

30 

19 

11 

2 

T    1 

47li 

3u2 

243 

202 

162 

102 

72 

49 

30 

19 

11 

4 

T  1  1 

470 

ill 

232 

179 

126 

98 

74 

60 

43 

19 

6 

T  23 

517 

4  41 

356 

294 

2  07 

14° 

99 

68 

46 

25 

14 

V   1 

4  7" 

455 

362 

283 

j<35 

143 

96 

77 

57 

26 

13 

V  11 

470 

4. .7 

428 

'.71 

L77 

194 

151 

100 

72 

45 

26 

9 

V  21 

4  7l. 

409 

398 

332 

232 

168 

115 

83 

57 

34 

17 

4 

C   1 

47'. 

55b 

472 

305 

257 

185 

117 

6  5 

5  7 

3  0 

19 

2 

C  1  1 

4  7'.' 

543 

4  57 

377 

2tfa 

20' 

147 

109 

74 

47 

23 

9 

C  21 

517 

54  4 

497 

406 

262 

201 

155 

1  :8 

72 

31 

19 

1931-1977 


2.00 


4402 
40  13 
44  0  2 
426U 
4402 
4260 
44  0  2 
4m./ 
4260 
4402 
4260 
4402 


532 

426 

346 

225 

159 

117 

80 

56 

27 

17 

3 

452 

366 

285 

187 

129 

86 

58 

4  0 

19 

11 

2 

416 

3?7 

26  0 

169 

104 

68 

35 

19 

7 

3 

* 

363 

?57 

188 

115 

77 

49 

»3 

20 

6 

2 

365 

259 

197 

119 

7? 

4<i 

29 

20 

11 

5 

1 

5-5.3 

'66 

2  0  2 

126 

83 

60 

39 

27 

9 

4 

* 

167 

UP 

81 

5  0 

35 

20 

12 

9 

3 

1 

1:)4 

126 

93 

57 

41 

31 

20 

12 

7 

4 

* 

262 

185 

137 

39 

62 

44 

3  2 

24 

12 

6 

1 

358 

230 

223 

154 

109 

76 

55 

3  5 

19 

9 

1 

465 

365 

318 

223 

162 

116 

S5 

60 

32 

17 

3 

55  0 

454 

367 

255 

185 

134 

97 

66 

34 

19 

2 

»  LESS  ThAi,  1 


30 


Table  17.— Monthly  and  annual  snowfall,  1911-82,  at  Priest  River  Experimental  Forest   control  station 


Year 


Snowfall 


July         Aug.         Sept.        Oct.  Nov.         Dec.         Jan.  Feb.         Mar.         April         May         June         Annual 


1911-12 

12-13 

13-14 

14-15 

15-16 

16-17 

17-18 

18-19 

19-20 
1920-21 

21-22 

22-23 

23-24 

24-25 

25-26 

26-27 

27-28 

28-29 

29-30 
1930-31 

31-32 

32-33 

33-34 

34-35 

35-36 

36-37 

37-38 

38-39 

39-40 
1940-41 

41-42 

42-43 

43-44 

44-45 

45-46 

46-47 

47-48 

48-49 

49-50 
1950-51 

51-52 

52-53 

53-54 

54-55 

55-56 

56-57 

57-58 

58-59 

59-60 
1960-61 

61-62 

62-63 

63-64 

64-65 

65-66 

66-67 

67-68 

68-69 

69-70 
1970-71 

71-72 

72-73 

73-74 

74-75 

75-76 

76-77 

77-78 

78-79 

79-80 
1980-81 

81-82 
50-year  average 
1931-80 


M1 

M 

38.4 

■—Inches- 
20.4 

10.6 

8.9 

1.0 

0.0 

M 

1.0 

3.3 

27.3 

57.8 

3.9 

11.0 

.0 

.0 

104.3 

.5 

15.0 

10.0 

36.1 

17.0 

4.2 

T2 

.0 

82.8 

.0 

8.7 

15.8 

14.2 

10.9 

1.0 

7.0 

.0 

57.6 

.0 

31.4 

34.8 

44.1 

14.3 

22.6 

.0 

T              2.0            149.2 

T 

19.1 

29.7 

23.5 

30.4 

25.3 

4.0 

.0 

132.0 

2.8 

3.0 

31.0 

16.2 

22.7 

3.5 

.0 

.0 

79.2 

.0 

.7 

12.5 

16.6 

31.9 

19.0 

.0 

.0 

80.7 

9.5 

15.6 

3.1 

9.2 

4.4 

6.2 

5.1 

T 

53.1 

.0 

T 

18.5 

27.3 

15.2 

13.9 

1.2 

.0 

76.1 

.0 

19.5 

11.9 

20.7 

15.5 

21.2 

10.3 

.0 

99.1 

2.0 

2.4 

50.8 

35.8 

14.2 

10.3 

.5 

T 

116.0 

.0 

5.3 

41.6 

21.4 

5.0 

5.0 

.3 

T               T               78.6 

.0 

9.8 

23.0 

40.1 

11.0 

3.7 

.0 

.0 

87.6 

2.0 

1.3 

6.2 

24.8 

13.4 

T 

4.0 

.0 

51.7 

.4 

.0 

T 

15.8 

28.5 

20.1 

5.6 

.0 

T 

70.4 

T 

18.2 

40.5 

12.6 

3.7 

7.0 

4.3 

.0 

86.3 

T 

1.8 

26.4 

27.3 

6.9 

.7 

5.6 

.0 

68.7 

T 

T 

13.1 

14.6 

12.9 

1.2 

.0 

.0 

41.8 

6.5 

15.8 

12.6 

17.5 

9.9 

3.2 

.8 

T 

66.3 

.3 

18.7 

48.1 

36.6 

24.0 

9.5 

.0 

.0 

137.2 

2.6 

4.4 

40.0 

40.7 

22.5 

4.6 

8.5 

.0 

123.3 

T 

5.3 

.5 

19.5 

15.8 

3.1 

1.7 

T 

.0 

45.9 

T 

.5 

5.4 

44.5 

46.3 

4.3 

8.3 

T 

T 

109.3 

.5 

11.4 

13.2 

30.9 

19.4 

6.0 

.0 

.0 

81.4 

.0 

2.0 

19.1 

44.9 

53.3 

.4 

T 

.0 

119.7 

.0 

4.2 

42.2 

14.6 

32.8 

1.9 

.0 

T 

95.7 

.0 

8.2 

20.3 

26.5 

23.2 

11.8 

.5 

.0 

90.5 

3.0 

.0 

6.4 

11.8 

22.7 

2.6 

T 

.0 

46.5 

T 

14.8 

11.9 

17.6 

3.0 

.0 

.0 

.0 

47.3 

.0 

T 

14.5 

5.2 

7.2 

5.2 

T 

1.0 

33.1 

.0 

26.5 

28.5 

42.5 

17.0 

5.2 

.0 

3.0 

122.7 

T 

T 

5.5 

11.5 

8.4 

1.0 

.0 

.0 

26.4 

.0 

10.7 

14.1 

11.3 

4.4 

5.5 

4.5 

.0 

50.5 

1.8 

14.5 

13.3 

25.1 

21.9 

3.5 

T 

.0 

80.1 

.1 

24.3 

19.2 

26.9 

1.5 

1.5 

T 

.0 

73.5 

T 

.0 

6.0 

12.7 

14.3 

23.9 

8.4 

T 

.0 

65.3 

.5 

13.9 

52.5 

12.4 

44.5 

14.5 

T 

T 

138.3 

.0 

T 

43.3 

84.2 

19.6 

6.8 

T 

.0 

153.9 

.0 

21.5 

22.5 

40.1 

12.8 

35.2 

.0 

T 

132.1 

T 

4.0 

3.2 

56.3 

63.4 

13.4 

10.03 

.1 

.0 

150.4 

.0 

T 

33.5 

20.8 

10.4 

.6 

1.0 

.0 

66.3 

.0 

3.1 

11.9 

72.9 

10.3 

.4 

.0 

.0 

98.6 

T 

T 

17.9 

26.8 

31.1 

11.3 

6.5 

.5 

94.1 

.4 

30.4 

31.6 

28.9 

31.1 

8.1 

1.6 

.0 

132.1 

1.8 

3.6 

11.0 

36.5 

27.6 

10.7 

.0 

.0 

91.2 

3.8 

5.7 

27.7 

17.8 

1.9 

1.8 

T 

.0 

58.7 

.0 

24.2 

24.1 

24.6 

24.7 

5.3 

.0 

.0 

102.9 

.0 

19.8 

10.8 

21.9 

9.6 

13.6 

2.2 

.0 

77.9 

.0 

14.4 

12.1 

10.3 

12.7 

6.6 

T 

.0 

56.1 

1.5 

22.3 

45.8 

19.1 

0.9 

16.4 

T 

.0 

106.0 

.0 

6.1 

4.9 

4.6 

10.2 

T 

T 

.0 

25.8 

.0 

5.4 

21.1 

46.3 

6.3 

23.5 

.0 

T 

102.6 

.0 

13.7 

55.7 

24.7 

11.9 

.4 

.0 

.0 

106.4 

.0 

10.8 

36.5 

37.2 

7.0 

10.0 

T 

T 

101.5 

T 

8.5 

15.3 

27.4 

9.5 

12.0 

1.0 

.0 

73.7 

T 

12.6 

19.9 

36.0 

4.0 

1.5 

1.0 

.0 

75.0 

.0 

9.0 

39.5 

89.0 

15.0 

.8 

.0 

.0 

153.3 

.0 

3.0 

22.6 

43.5 

3.0 

11.0 

T 

.0 

83.1 

.0 

9.0 

43.0 

23.5 

14.3 

11.8 

T 

T 

101.6 

1.0 

2.0 

8.0 

54.8 

22.6 

13.1 

2.0 

T 

.0 

103.5 

1.0 

5.5 

8.3 

26.0 

6.0 

T 

.0 

.0 

46.8 

T 

37.7 

19.8 

23.5 

24.5 

5.5 

.0 

T 

111.0 

.0 

1.0 

23.0 

33.9 

33.0 

17.7 

2.0 

T 

110.6 

2.0 

18.1 

8.8 

25.9 

28.8 

8.0 

1.0 

.0 

92.6 

.0 

1.0 

12.0 

8.9 

4.4 

T 

.0 

.0 

26.3 

.0 

9.4 

40.4 

27.4 

12.7 

2.0 

.0 

T 

91.9 

.0 

15.8  . 

12.9 

16.6 

23.4 

3.0 

.0 

.0 

71.7 

.5 

6.4 

'93 

18.53 

9.4 

16.0 

.0 

.0 

70.1 

.0 

3.5 

25.4 

2.4 

3.3 

.0 

.0 

.0 

34.6 

.0 

.0 

21.0 

44.0 

18.8 

.7 

2.0 

.0 

86.5 

10.2 


24.9 


29.1 


15.8 


6.9 


1M  =  missing. 

*T  =  trace,  an  amount  too  small  to  measure. 

includes  estimates  for  days  with  missing  data. 
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Table  18.— Precipitation  (inches)  during  fire  season  at  additional  stations  in  or  near  Priest  River  Experimental 
Forest;  statistics  based  on  indicated  years 

PRECIPITATION  BY    10     (OK    ID-DAY    AND    MONTHLY    PERIODS 

STATION  NUMBER   100204     PRIEST  LAKE  R.S.      YRS  1951-1980 

10-DAY  AND  MONTHLY  TOTALS  I  MAXIMUM  DAILY  TOTALS 

"ERIOU  NO.  MEAN  STD  HIGHEST  LOWEST  I  EXTREME  AVG  STD 

BEGINS  YRS  TOTAL  DEV  MEDIAN  TOT,  YR  TOT.YR  I  YR  MAX  DEV  MEDIAN 

I 

JUN   1  17  .651  .161    .660  1.18  67  .00  65  I  .88  71  .318  .235  .300 

JUN  11  20  .767  .460    .630  2.00  65  .03  69  I  .87  52  .389  .225  .360 

JUN  21  19  .616  .577    .500  2.15  69  .00  77  I  .82  67  .313  .260  .300 

JUL   1  30  .565  .604    .310  1.96  78  .00  71  I  1.28  78  .325  .329  .260 

JUL  11  30  .338  .391    .185  1.33  56  .00  73  I  1.09  56  .226  .275  .125 

JUL  21  30  .239  .398    .010  1.13  75  .00  80  I  .78  61  .11°  .220  .035 

AUG   1  30  .318  .101    .055  1.18  76  .00  79  T  .91  53  .217  ,289  .010 

AUG  11  30  .586  .899    .150  3.51  68  .00  73  I  1.65  80  .307  .115  .100 

AUG  21  30  .718  .670    .500  2.11  51  .00  71  I  .90  53  .335  .271  .270 

SEP   1  28  .130  .126    .29(1  1.29  60  .00  72  I  1.21  60  .281  .283  .235 

SEP  11  21  .515  ,b35    .275  2.71  68  .00  76  I  1.55  68  .299  .317  .215 

SEP  21  19  .650  .632    .500  2.01  69  .00  79  I  .82  72  .318  .287  .280 

MONTH  I 

T 

JUN      16   2.011    .796   2.165    3.38  53   .66  71  I  .88  71  .537  .187  .515 

JUL      30   1.111    .862    .980    3.15  78   .03  60  I  1.28  78  .182  .311  ,130 

AUG      30   1.622   1.313   1.120    1.90  51   .00  69  I  1.65  80  .531  .113  .150 

SEP      19   1.508    .663   1.350    3.16  71   .11  76  I  1.55  68  .516  .221  .570 

PRECIPITATION  BY    10     (OR    11) -DAY    AND    MONTHLY    PERIODS 

STATION  NUMBER   100202     GISBORNE  LOOKOUT      YRS  1951-1978 

10-DAY  AND  MONTHLY  TOTALS       I      MAXIMUM  DAILY  TOTALS 
PERIOH   NO.   MEAN     STD  HIGHEST   LOWEST  I  EXTREME     AVG    STD 

BEGINS   YRS   TOTAL    DEV   MEDIAN   TOT,  YR   TOT,YR  I       YR     MAX    DEV   MEDIAN 


JUL   1 

26 

.623 

.637 

.355 

2.22  51 

.00 

73 

T 

I 

1.09 

51 

.337 

.310 

.255 

JUL  11 

28 

.159 

.512 

.215 

1.92  75 

.00 

69 

I 

1.03 

75 

.275 

.312 

.175 

JUL  21 

28 

.270 

.372 

.060 

1.15  55 

.00 

73 

I 

.87 

58 

.161 

.229 

.060 

AUG   1 

28 

.393 

.191 

.190 

1.87  76 

.00 

76 

I 

.70 

53 

.221 

.225 

.150 

AUG  11 

28 

.515 

.781 

.080 

2.90«68 

.00 

73 

T 

1.15 

78 

.222 

.310 

,070 

AUG  21 

16 

.826 

.791 

.780 

2.13  77 

.00 

70 

I 

1.28 

76 

.517 

.118 

.610 

MONTH 

I 

T 
I 

JUL 

1.328* 

3.52  55 

.00 

53 

1.09 

51 

.503 

•  29"  v. 

.515 

AUG 

1.731* 

5.91  76 

.00 

69 

I 

1.28 

76 

.558 

.111 

.610 

YRS  1931-1978/ 


PERIOD 

BEGINS 

JUL   1 

15 

.139 

,56b 

.300 

2.22  5i 

JUL  11 

17 

.379 

.195 

.150 

2.02  75 

JUL  21 

18 

.289 

.366 

.11  0 

1.31  18 

AUG   1 

46 

.332 

.163 

.115 

2.01  16 

AUG  11 

16 

.387 

.638 

.065 

2.90868 

Aug  2i 

36 

.697 

.67d 

.175 

2.13  77 

.00  53  I  J .25  18 

.00  69  I  1.03  75 

.00  73  I  .87  58 

.00  78  I  1.17  48 

.00  73  I  1.15  78 

.00  70  I  1.28  76 

MONTH 

JULY         1.157* 
AUG  1.116* 

*    SUM    OF    MEANS    FOR    THE    THREE    10     (OR     ID-DAY    PERIODS 

U     INCLUOES  ESTIMATES  FOR  MISSING  DAYS 

/  INCLUDES  DATA  FROM  FORMER  EXPERIMENTAL  STATION  LOOKOUT  FOR  1931  AND  1932 


32 


Table  19.— Frequency  distribution  of  daily  precipitation  amounts  at  stations  as  in  table  18 

PRECIPITATION    -    PERCENTAGE  FREQUENCY  CF  DAILY  AMOUNTS   (INCHES) 
GIVEN  TO  NEAREST  TENTH  PERCENT,  DECIMAL  POINT  OMITTED 
STATION  NUf.tiEk   100204     PRIEST  LA*E  R.S.  1951-1980 

1.50     2.00 


PERIOL 

TOTAL 

AflOUl 

T  E&UAL 

TO  OR 

GREATER 

THAN 

BEGINS 

DAYS 

TP 

0.01 

0.05 

0.10 

0.20 

0.3  0 

0.40 

0.50 

0.60 

0.80 

1.00 

JUN 

1 

174 

57 

568 

310 

241 

144 

69 

34 

29 

23 

6 

JUN 

11 

199 

20 

417 

29ft 

226 

156 

9^ 

45 

40 

25 

10 

JUN 

21 

2C2 

1.0 

386 

282 

198 

114 

84 

64 

3  5 

25 

10 

JUL 

1 

300 

17 

317 

203 

143 

yo 

67 

5  0 

3  7 

27 

7 

7 

JUL 

11 

29U 

34 

221 

144 

81 

uQ 

37 

23 

17 

10 

3 

3 

JUL 

21 

330 

9 

124 

91 

64 

36 

27 

IP 

9 

6 

AUG 

1 

ill  J 

23 

177 

113 

83 

50 

37 

27 

20 

10 

10 

AUG 

11 

30u 

1? 

227 

173 

137 

90 

60 

47 

37 

3  3 

17 

10 

AUG 

21 

330 

15 

3  7  0 

261 

200 

105 

67 

48 

3  3 

18 

9 

SEP 

) 

230 

25 

?H3 

18° 

121 

71 

5  0 

29 

14 

11 

7 

4 

SEP 

11 

210 

25 

238 

192 

158 

100 

67 

29 

25 

13 

4 

4 

SEP 

21 

192 

?6 

302 

234 

182 

109 

7^ 

6? 

r2 

26 

5 

MONTH 


JUN 

575 

28 

391 

29b 

221 

137 

83 

49 

35 

24 

9 

JUL 

928 

19 

218 

14  4 

95 

bl 

43 

30 

20 

14 

3 

3 

AUG 

930 

17 

261 

185 

142 

&H 

55 

41 

30 

20 

12 

3 

1 

SEP 

712 

25 

257 

20? 

150 

91 

62 

39 

28 

15 

6 

3 

1 

PRECIPITATION    -    PERCENTAGE  FRFOuENCY  OF  GAILY  AMOUNTS   (INCHES) 
GIVEN  TO  NEAREST  TFMTH  PERCENT.  DECIMAL  POINT  OMITTED 
STATION  NL'KHER   100202     GISBORNE  LOOKOUI  1951-1978 

1.50     2.00 


TOTAL 

PERION 

NUf. 

AM 

OUNT  EQUAL 

TO  ON 

GREATER 

THAN 

BEGINS 

HAYS 

TR 

O.'Jl 

0  .05 

0.10 

0.20 

0.30 

O 

.40 

0, 

.50 

0.60 

0.80 

1.00 

JUL   1 

261 

27 

314 

234 

195 

111 

7  3 

50 

34 

31 

8 

4 

JUL  11 

2  U  a 

29 

239 

143 

121 

75 

54 

46 

32 

16 

11 

4 

JUL  21 

3  i)  r 

16 

140 

101 

64 

49 

26 

IS 

10 

6 

3 

Aug  i 

230 

4  3 

225 

168 

121 

66 

46 

36 

14 

7 

AUG  11 

276 

40 

207 

15  9 

127 

76 

54 

47 

4  3 

18 

4 

4 

AUG  21 

179 

6 

279 

223 

)  6£ 

123 

89 

61 

56 

56 

28 

17 

••10NTH 


JUL 

849 

24 

22b 

155 

131 

77 

49 

37 

25 

18 

AJG 

735 

33 

231 

178 

135 

91 

60 

46 

3  5 

23 

33 


Table  20.  — Monthly  and  annual  average  temperatures,  1911-82,  at  Priest  River  Experimental  Forest   control  station;  based  on  24-hour    ;  )\ 
period  ending  at  5  p.m.  P.s.t. 


Average  Daily  Maximum  and  Minimum 

Temperatures 

Year 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annu< 

1911         Max. 

°F 

30.6 

M 

n. 

20.3 

1912 

29.9 

39.7 

46.1 

58.5 

67.7 

79.1 

76.7 

74.0 

65.1 

51.0 

40.9 

33.5 

55.2 

14.1 

21.2 

17.3 

28.4 

35.3 

42.0 

44.5 

41.5 

31.9 

26.9 

25.7 

20.4 

29.1 

1913 

28.5 

33.8 

41.6 

57.5 

64.8 

74.4 

79.5 

81.6 

71.3 

52.2 

41.1 

32.5 

55.0 

11.0 

3.4 

18.8 

26.0 

34.0 

41.9 

40.5 

40.6 

33.8 

27.0 

27.7 

21.4 

27.3 

1914 

35.7 

36.6 

49.6 

59.8 

69.4 

71.6 

84.1 

83.7 

65.7 

57.0 

41.7 

28.9 

57.0 

23.2 

17.0 

23.6 

29.6 

35.3 

39.8 

43.8 

40.0 

36.4 

34.6 

30.1 

12.4 

30.5 

1915 

31.0 

40.6 

53.1 

64.7 

63.7 

71.9 

77.8 

88.3 

67.4 

57.1 

37.0 

30.9 

57.1 

17.6 

25.5 

25.9 

31.9 

39.0 

39.1 

44.6 

46.3 

36.3 

33.1 

24.5 

18.4 

31.9 

1916 

20.4 

37.8 

44.0 

57.7 

60.0 

71.8 

78.8 

81.5 

70.5 

56.6 

37.2 

26.9 

53.6 

-.5 

18.5 

26.1 

27.4 

32.1 

39.2 

43.5 

41.5 

36.1 

25.1 

20.2 

11.9 

26.8 

1917 

29.2 

34.9 

38.3 

49.1 

64.7 

71.1 

85.8 

85.6 

73.7 

60.0 

44.0 

36.8 

56.2 

11.2 

18.3 

16.2 

28.0 

34.0 

38.8 

42.0 

39.8 

38.2 

26.6 

30.0 

23.9 

29.0 

1918 

32.9 

34.5 

46.9 

59.7 

62.9 

79.9 

83.6 

74.8 

76.7 

57.5 

39.6 

33.7 

57.0 

21.8 

13.9 

25.5 

25.6 

31.3 

40.5 

44.5 

41.1 

37.3 

36.5 

25.3 

20.8 

30.5 

1919 

35.6 

34.8 

44.7 

59.0 

64.2 

75.5 

86.1 

83.3 

71.1 

51.3 

34.9 

27.0 

55.7 

20.2 

20.6 

23.2 

29.3 

35.8 

36.8 

42.3 

42.5 

35.5 

26.8 

22.0 

11.2 

28.9 

1920 

31.4 

38.9 

44.2 

51.3 

60.4 

70.3 

86.1 

82.0 

66.0 

52.5 

42.1 

34.3 

55.0 

18.1 

17.4 

25.0 

28.3 

33.1 

38.8 

45.6 

43.8 

38.4 

32.5 

26.4 

24.2 

31.0 

1921 

33.7 

37.2 

45.2 

51.8 

67.1 

74.6 

82.1 

82.5 

63.5 

60.1 

38.3 

31.4 

55.8 

20.7 

21.1 

24.1 

30.5 

35.6 

44.4 

40.6 

42.8 

33.4 

30.3 

25.6 

16.3 

30.5, 

1922 

26.1 

31.4 

41.7 

51.1 

64.7 

81.0 

85.2 

83.5 

72.3 

60.1 

38.0 

25.8 

55.2 

11.2 

8.9 

21.5 

28.6 

33.1 

42.7 

42.4 

45.7 

38.2 

32.9 

24.6 

10.8 

28.5 

1923 

34.6 

32.5 

45.6 

57.5 

64.1 

71.0 

84.7 

81.9 

75.6 

59.4 

40.3 

33.6 

56.9 

22.0 

8.9 

19.5 

27.6 

36.9 

44.7 

47.9 

44.4 

36.6 

32.1 

29.1 

22.4 

31.21 

1924 

27.4 

42.8 

45.2 

56.8 

74.4 

74.9 

85.4 

79.1 

73.1 

55.4 

37.8 

26.7 

56.61 

11.7 

27.1 

26.3 

27.3 

35.5 

39.1 

44.2 

43.0 

36.7 

31.7 

26.9 

10.5 

30.0 

1925 

34.4 

41.1 

47.1 

63.1 

70.3 

75.9 

87.8 

81.1 

71.2 

55.1 

40.8 

36.8 

58.8 

21.0 

27.9 

26.5 

30.4 

37.4 

43.6 

45.5 

42.7 

39.0 

26.5 

26.7 

30.5 

33.2 

1926 

30.5 

40.3 

52.9 

65.4 

66.0 

77.6 

87.5 

79.7 

63.0 

57.8 

43.3 

31.9 

58.1 

24.3 

27.5 

25.2 

31.3 

37.2 

40.5 

46.8 

43.4 

33.5 

34.1 

29.4 

22.7 

33.0; 

1927 

30.9 

36.6 

43.8 

55.8 

61.4 

73.5 

82.6 

82.2 

65.2 

54.5 

40.0 

26.3 

54.5 

18.5 

22.0 

23.4 

27.8 

35.5 

45.5 

45.7 

44.2 

40.5 

35.8 

29.5 

9.8 

31.5 

1928 

30.7 

37.7 

48.0 

53.3 

73.8 

72.5 

83.8 

81.7 

75.5 

55.5 

39.5 

31.2 

57.0 

21.1 

16.0 

26.0 

30.2 

36.9 

42.8 

47.7 

41/ 

35.1 

31.9 

27.2 

21.5 

31.6 

1929 

20.3 

30.0 

45.7 

53.9 

67.7 

72.3 

83.6 

87.3 

69.5 

60.3 

40.8 

36.6 

55.8 

6.3 

5.3 

26.9 

28.4 

35.9 

42.7 

41.9 

42.8 

34.7 

28.2 

21.0 

27.6 

28.6 

1930> 

22.3 

40.6 

49.6 

64.0 

65.3 

71.6 

84.6 

85.1 

71.6 

52.3 

38.1 

31.3 

56.4 

.7 

22.1 

22.6 

32.9 

36.4 

40.6 

44.8 

46.0 

41.0 

30.7 

26.7 

21.8 

30.5 

1931 

34.5 

37.6 

45.1 

58.6 

71.1 

72.7 

84.71 

85.4 

68.7 

57.5 

37.6 

31.1 

57.2 

25.8 

21.8 

27.1 

30.3 

36.8 

43.21 

44.41 

40.9 

37.6 

29.5 

20.4 

20.3 

31.7 

1932 

28.1 

33.7 

41.8 

56.5 

65.1 

75.5 

80.5 

83.0 

74.1 

53.5 

42.5 

30.5 

55.4 

15.9 

12.5 

22.6 

31.3 

37.1 

43.2 

44.3 

44.6 

34.7 

33.1 

31.3 

15.4 

30.5 

1933 

33.0 

28.4 

43.5 

56.4 

61.7 

75.8 

84.3 

85.2 

65.5 

58.8 

43.5 

38.7 

56.4 

21.2 

9.0 

24.3 

27.6 

35.3 

41.8 

44.5 

44.5 

37.5 

32.5 

29.9 

28.2 

31.™ 

1934 

37.1 

44.3 

54.0 

69.3 

71.4 

75.8 

84.0 

85.6 

67.8 

57.1 

45.4 

34.2 

60.& 

26.4 

23.2 

27.5 

34.9 

39.7 

42.6 

44.7 

42.1 

36.0 

34.4 

34.0 

25.4 

34.3  : 

1935 

32.1 

39.6 

40.2 

54.1 

67.9 

72.8 

81.9 

80.5 

76.3 

54.7 

35.9 

31.7 

55.7 

18.1 

17.8 

22.0 

26.3 

33.1 

41.6 

46.5 

41.8 

38.5 

29.8 

22.8 

25.5 

30.4 

1936 

34.3 

23.1 

44.0 

60.7 

73.7 

75.6 

85.7 

84.0 

69.5 

62.8 

37.1 

35.0 

57.3 

22.0 

1.0 

22.7 

38.5 

40.4 

46.1 

45.5 

43.0 

38.0 

30.1 

20.7 

24.5 

30.3 

1937 

17.4 

34.4 

48.4 

51.7 

69.5 

74.4 

83.2 

77.1 

72.9 

59.0 

41.4 

34.5 

55.4 

-4.4 

13.6 

24.0 

30.5 

35.4 

44.5 

49.0 

41.7 

39.2 

36.5 

31.5 

24.2 

30.5! 

1938 

32.7 

38.3 

44.8 

58.9 

66.9 

76.4 

85.8 

81.2 

80.3 

58.0 

36.7 

34.1 

57.9 

20.8 

21.6 

26.9 

30.1 

36.3 

44.5 

48.0 

40.4 

43.1 

34.7 

22.9 

21.8 

32.7 

1939 

34.6 

33.6 

47.3 

62.8 

70.2 

68.2 

84.1 

85.7 

73.1 

56.3 

43.1 

38.6 

58.3 

25.3 

13.0 

23.9 

30.3 

36.6 

41.3 

45.7 

42.1 

38.3 

32.3 

26.8 

27.7 

32.1 

1940 

31.0 

37.7 

50.8 

59.1 

71.8 

80.0 

84.2 

85.3 

75.6 

57.5 

35.7 

34.1 

58.6 

17.4 

25.4 

27.6 

33.3 

38.6 

43.2 

48.6 

42.7 

46.1 

39.6 

24.3 

24.3 

34.3 

34 
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Table  20.— (con.] 

i 

Average  Daily 

Maximum  and  M 

inimum 

Temperatures 

Year 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

1941         Max. 

34.7 

42.3 

55.9 

64.3 

66.1 

73.1 

°F~~ 

86.1 

79.1 

62.1 

53.9 

44.8 

34.8 

58.2 

Min. 

24.4 

23.9 

27.2 

32.8 

40.4 

46.5 

50.3 

47.7 

41.6 

34.7 

30.0 

25.5 

35.5 

1942 

28.4 

37.0 

47.3 

62.0 

63.2 

68.6 

82.7 

83.7 

75.2 

60.0 

36.8 

33.2 

56.6 

14.1 

21.8 

23.9 

30.4 

38.1 

42.9 

48.3 

45.7 

38.1 

32.6 

25.7 

23.9 

32.2 

1943 

25.8 

41.7 

41.1 

60.8 

62.2 

68.8 

82.1 

80.0 

77.8 

58.3 

41.2 

32.0 

56.0 

11.2 

21.2 

17.6 

31.2 

35.1 

41.0 

46.2 

42.9 

35.6 

34.5 

27.7 

20.3 

30.4 

1944 

33.5 

39.0 

44.7 

60.7 

68.3 

74.5 

83.3 

80.8 

74.7 

65.5 

40.5 

31.8 

58.2 

18.8 

20.3 

21.0 

30.3 

38.0 

44.9 

45.2 

43.7 

40.7 

34.1 

29.4 

15.7 

31.9 

1945 

35.8 

40.5 

43.9 

53.1 

68.7 

71.3 

85.3 

84.9 

68.3 

60.2 

38.3 

32.6 

57.0 

16.3 

15.1 

21.4 

27.3 

37.8 

43.0 

46.2 

43.4 

37.8 

33.1 

27.1 

21.7 

30.9 

1946 

33.5 

38.3 

46.0 

58.4 

70.8 

70.8 

82.5 

82.3 

68.7 

51.5 

39.2 

34.5 

56.5 

20.8 

20.6 

28.5 

31.7 

37.0 

41.9 

45.1 

43.4 

38.5 

27.9 

22.9 

21.7 

31.7 

1947 

29.8 

42.0 

51.6 

59.5 

71.5 

70.0 

83.0 

79.5 

68.5 

54.1 

36.9 

34.2 

56.8 

14.3 

18.4 

26.1 

30.6 

38.3 

43.5 

45.4 

43.3 

40.1 

38.6 

27.7 

25.2 

32.7 

1948 

31.8 

35.2 

43.9 

51.9 

64.1 

76.1 

76.8 

75.5 

70.4 

58.3 

38.7 

27.9 

54.3 

16.6 

17.3 

20.7 

29.9 

39.7 

49.0 

45.5 

45.8 

38.8 

29.2 

26.1 

14.5 

31.1 

1949 

19.9 

33.7 

45.5 

62.0 

71.4 

74.0 

82.2 

82.6 

73.6 

53.2 

44.5 

33.1 

56.4 

-2.2 

12.4 

22.7 

29.1 

38.9 

39.9 

45.0 

44.0 

38.3 

28.1 

31.3 

19.3 

29.0 

1950 

18.2 

35.3 

40.5 

53.0 

64.1 

72.2 

81.7 

82.8 

75.4 

51.4 

39.3 

35.6 

54.2 

-.8 

19.7 

24.4 

27.3 

33.9 

43.6 

46.8 

45.4 

36.3 

36.3 

26.3 

27.6 

30.6 

1951 

31.9 

37.2 

41.4 

60.7 

66.6 

71.8 

84.2 

81.2 

71.1 

51.0 

38.7 

27.2 

55.3 

17.8 

18.0 

18.9 

26.0 

37.1 

40.7 

45.0 

44.4 

37.0 

35.8 

26.3 

14.6 

30.2 

1952 

29.7 

37.0 

44.1 

60.5 

68.5 

71.7 

82.5 

81.6 

76.7 

67.4 

39.6 

32.7 

57.7 

17.2 

19.6 

22.4 

27.5 

37.0 

42.2 

44.7 

43.5 

38.4 

28.3 

22.8 

25.4 

30.8 

1953 

39.5 

40.8 

47.1 

54.1 

65.7 

67.4 

82.1 

81.0 

72.7 

61.0 

43.8 

35.4 

57.7 

30.2 

23.1 

25.5 

31.1 

36.1 

43.2 

44.3 

46.1 

38.6 

32.1 

29.3 

25.8 

33.9 

1954 

30.2 

40.3 

43.0 

52.1 

67.7 

68.1 

79.5 

76.1 

68.0 

54.7 

45.7 

33.2 

55.0 

17.2 

26.0 

19.6 

28.1 

35.9 

41.4 

44.6 

44.0 

41.1 

30.0 

32.5 

24.2 

32.1 

1955 

31.2 

33.0 

37.3 

48.7 

60.2 

74.9 

77.5 

82.3 

69.8 

54.0 

32.9 

30.6 

52.8 

21.8 

14.9 

16.0 

27.8 

34.1 

42.9 

48.1 

39.9 

39.1 

35.6 

18.7 

17.1 

29.8 

1956 

32.2 

30.4 

42.6 

60.3 

70.0 

70.3 

82.7 

80.2 

72.5 

53.3 

36.7 

33.9 

55.5 

20.2 

13.7 

22.8 

29.6 

39.2 

42.1 

47.6 

45.0 

38.0 

33.9 

22.7 

22.9 

31.6 

1957 

22.6 

36.0 

44.4 

57.5 

71.5 

73.5 

79.4 

78.5 

77.1 

51.8 

39.6 

36.1 

55.8 

5.1 

17.2 

24.2 

30.2 

42.3 

45.7 

44.3 

41.8 

37.8 

33.9 

23.9 

26.5 

31.2 

1958 

33.9 

41.9 

46.9 

54.9 

77.5 

77.7 

85.5 

88.3 

70.7 

60.5 

38.4 

34.2 

59.3 

25.6 

29.0 

26.5 

31.5 

41.1 

47.8 

47.8 

46.8 

38.5 

30.6 

24.4 

25.5 

34.6 

1959 

32.9 

35.4 

45.0 

57.8 

62.3 

73.3 

84.0 

75.6 

63.7 

53.4 

36.8 

32.3 

54.5 

19.7 

19.4 

25.3 

30.8 

34.6 

43.7 

44.9 

43.4 

41.4 

33.9 

18.6 

23.3 

31.7 

1960 

27.1 

36.3 

45.1 

55.9 

61.5 

75.1 

88.5 

74.5 

73.4 

58.2 

40.0 

30.2 

55.5 

13.8 

18.8 

23.1 

30.6 

37.3 

41.3 

46.2 

44.2 

36.7 

32.5 

26.2 

21.9 

31.1 

1961 

34.0 

40.2 

47.5 

54.4 

65.6 

81.6 

85.6 

89.0 

67.6 

52.9 

37.1 

31.0 

57.3 

21.8 

28.7 

27.4 

30.6 

38.6 

44.6 

47.8 

48.5 

35.3 

31.5 

20.5 

19.0 

32.9 

1962 

28.1 

36.9 

42.2 

61.5 

62.4 

74.0 

81.6 

78.2 

74.2 

54.7 

42.1 

35.2 

56.0 

12.1 

20.7 

23.1 

30.2 

37.7 

41.1 

43.0 

44.7 

37.4 

34.8 

31.6 

27.8 

32.1 

1963 

26.5 

41.0 

47.7 

56.1 

67.4 

73.4 

79.6 

84.1 

78.8 

60.5 

40.7 

31.0 

57.3 

12.7 

25.3 

27.3 

31.0 

35.9 

45.5 

45.5 

45.6 

42.3 

34.7 

29.6 

22.6 

33.2 

1964 

33.3 

38.9 

41.5 

53.3 

64.5 

73.2 

83.1 

75.2 

66.9 

59.0 

37.6 

28.5 

54.6 

23.8 

18.0 

22.3 

28.6 

36.5 

44.6 

45.7 

42.3 

35.6 

31.6 

28.2 

17.6 

31.3 

1965 

32.7 

37.1 

45.0 

58.8 

64.4 

73.7 

83.2 

79.8 

63.2 

59.8 

42.0 

32.8 

56.2 

25.1 

20.3 

15.3 

30.7 

34.4 

41.8 

46.7 

48.3 

35.2 

32.9 

31.4 

24.7 

32.3 

1966 

32.3 

38.1 

45.4 

56.7 

70.7 

69.2 

80.9 

82.4 

77.7 

55.5 

39.5 

34.5 

57.0 

23.4 

23.3 

24.6 

29.8 

37.4 

41.7 

45.9 

43.5 

42.5 

33.3 

28.7 

28.5 

33.6 

1967 

34.5 

40.2 

41.2 

50.7 

64.4 

76.2 

84.8 

90.7 

81.8 

54.1 

39.7 

30.5 

57.5 

25.3 

22.9 

24.5 

28.2 

37.3 

45.2 

44.8 

44.1 

39.7 

34.3 

27.3 

20.4 

32.9 

1968 

31.0 

41.6 

49.0 

53.9 

65.5 

71.3 

84.5 

75.3 

67.7 

50.5 

38.3 

28.1 

54.8 

18.9 

20.8 

27.1 

29.1 

36.3 

42.9 

45.3 

46.2 

41.0 

32.3 

27.9 

16.6 

32.1 

1969 

23.7 

34.7 

47.0 

55.2 

69.3 

75.1 

78.7 

81.7 

70.3 

52.6 

39.8 

32.1 

55.1 

12.3 

19.4 

23.0 

31.6 

39.7 

47.1 

44.2 

41.3 

42.3 

31.5 

27.2 

25.7 

32.2 

1970 

28.4 

38.5 

43.7 

48.3 

68.1 

77.5 

84.0 

86.2 

67.1 

53.7 

38.6 

30.6 

55.5 

18.4 

22.7 

22.3 

28.6 

37.1 

47.4 

50.0 

43.5 

37.1 

30.5 

26.6 

20.4 

32.1 

(con.) 

35 


Table  20.— (con.) 


Year 


Jan. 


Feb. 


Average  Daily  Maximum  and  Minimum  Temperatures 


March       April         May         June         July         Aug.        Sept. 


Oct. 


Nov. 


Dec. 


Annua 


1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

1981 
1982 


31.8 

36.3 

40.7 

54.5 

69.5 

69.6 

°F- 

82.7 

87.8 

64.9 

53.1 

36.7 

28.5 

54.8 

21.7 

22.2 

22.5 

30.0 

38.6 

45.1 

46.9 

47.0 

37.4 

30.8 

28.0 

17.8 

32.4 

27.7 

36.2 

46.2 

50.8 

69.1 

72.5 

79.1 

85.1 

65.8 

57.7 

39.1 

27.6 

54.8 

12.3 

21.9 

28.0 

28.1 

41.3 

47.3 

46.9 

49.5 

38.7 

31.5 

29.6 

17.3 

32.7 

28.5 

39.0 

46.8 

57.0 

69.0 

73.7 

86.2 

84.0 

71.5 

53.6 

35.2 

32.1 

56.5 

16.0 

22.3 

27.4 

29.3 

38.3 

44.9 

46.1 

45.8 

42.5 

36.5 

27.7 

26.9 

33.7 

28.8 

36.5 

42.7 

55.2 

61.2 

78.9 

80.8 

82.5 

76.0 

61.8 

40.0 

34.0 

56.6 

17.8 

26.3 

26.7 

34.8 

37.2 

47.4 

49.3 

46.6 

39.1 

28.3 

32.5 

27.3 

34.5 

29.4 

33.0 

41.0 

51.4 

66.4 

71.4 

86.7 

77.3 

75.9 

53.7 

37.0 

32.8 

54.8 

19.2 

18.5 

25.1 

28.6 

38.1 

45.0 

54.1 

48.0 

39.3 

38.0 

24.8 

23.7 

33.6 

31.8 

35.1 

40.1 

53.7 

69.1 

69.4 

80.2 

75.6 

76.4 

57.4 

39.3 

31.5 

55.0 

23.8 

22.4 

20.8 

31.5 

36.8 

41.8 

47.9 

49.5 

40.3 

31.7 

25.7 

24.5 

33.1 

26.9 

39.2 

44.3 

62.6 

60.4 

76.1 

79.5 

82.7 

65.3 

56.2 

36.0 

31.5 

55.1 

17.1 

24.9 

27.3 

29.4 

36.8 

44.9 

45.3 

47.9 

41.4 

32.3 

25.4 

22.1 

32.9 

32.3 

38.1 

48.5 

56.3 

62.1 

76.4 

81.3 

76.2 

66.3 

59.0 

35.2 

25.5 

54.8 

24.0 

28.6 

29.3 

34.7 

39.2 

45.7 

50.9 

48.9 

44.4 

31.8 

23.9 

13.2 

34.6 

18.4 

32.8 

47.1 

54.5 

68.4 

77.0 

84.9 

85.7 

77.4 

59.5 

34.3 

36.6 

56.4 

3.6 

22.4 

24.9 

29.8 

39.3 

45.2 

49.0 

48.51 

41.7 

35.1 

22.5 

29.2 

32.7 

26.5 

35.7 

43.5 

62.7 

66.5 

70.7 

80.1 

74.7 

69.7 

57.9 

38.6 

34.0 

55.1 

12.6 

26.6 

26.6 

33.7 

43.3 

43.8 

48.4 

44.4 

41.6 

33.2 

30.0 

27.6 

34.3 

33.1 
25.6 
28.1 
18.9 


39.5 
24.0 
34.3 
19.8 


51.1 
27.7 
44.8 
28.2 


54.4 
32.4 
52.5 
28.0 


62.7 
40.5 
66.8 
37.6 


65.9 
43.0 
77.6 
48.4 


79.0 
46.7 
77.0 
47.5 


84.5 
47.7 
79.9 
47.6 


71.3 
40.5 
69.8 
42.6 


52.3 
34.0 
52.5 
34.5 


41.0 
31.5 
34.9 
25.7 


31.9 
23.3 
30.2 
22.6 


55.6 
34.7 
54.0 
33.5 


50-year  average  1931-80 

30.1  37.1  45.0  56.9  67.1  73.4  82.8  81.6  71.6  56.6  39.1  32.5  56.2 

17.5  20.2  24.1  30.1  37.6  43.9  46.5  44.7  39.1  32.9  26.7  22.6  32.2 

includes  corrections  of  confirmed  errors  in  published  climatological  data. 
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Table  21.— Daily  maximum  temperatures  (°F)  at  Priest  River  Experimental  Forest  control  station;  statistics  based  on  years 
1931  through  1977,  except  1912-82  where  indicated,  and  on  24-hour  period  ending  at  5  p.m.  P.s.t. 

MAXIMUM    DAILY    TEMPERATURE 


MEAN,  STANDARD  DEVIATION.  AND  EXTREME  VALUES 


STATION  NUMBER   lu7366 


PRIEST  KIVER  EXP  FOR  (CONTROL  STN) 


1931-1977 
EXCEPT  AS  NOTED 


PEklu 

BEGINS 

JAN 

JAN 

11 

JAN 

?1 

FEP 

fr> 

11 

FE" 

21 

1AR 

MAR 

11 

MAR 

21 

APl- 

APK 

11 

APR 

21 

MAT 

MAT 

11 

MAT 

21 

jur> 

JUN 

11 

JUN 

21 

JUL 

JUL 

11 

JUL 

21 

AUG 

AUG 

11 

AUG 

21 

SEP 

SEP 

11 

SEP 

21 

OCT 

OCT 

11 

OCT 

2  1 

Nov 

NOV 

11 

NOV 

21 

DEC 

DFC 

11 

DEC 

21 

JAN 
FE  ■) 
>1A-i 
a  p.. 

MAT 
J  I. IN 
JUL 
Alio 
SEP 
OCT 
IijV 
DEC 


10-DAY 

AND  MUNI 

HLY  PERIOD  C 

EANS 

10-DAY 

AND 

MONTHLY 

EXTREME 

DAILY  VALUES 

1912- 

1982 

STL. 

HIGHEST 

LOUtST 

1912-1982 

AVG. 

STIJ. 

MEDIAN 

1912- 

■  I9e2 

AVG. 

STO. 

MEDIAN 

PERIOD 

ME  AN 

DFV. 

MEDIAN 

AVG 

YR 

AVb 

YR 

HIGH 

YR 

HIGH 

DEV. 

HIGH 

L0W.YR 

LOW 

DEV. 

LOW 

BEGINS 

29.6 

6.2 

30.0 

39.3 

45 

6.6 

79 

49 

53 

37.1 

5.9 

37.0 

-2 

79 

22.2 

6.6 

25.0 

JAN 

30.5 

6.1 

32.0 

40.0 

55 

13.5 

50 

49 

53 

36.5 

5.6 

39.0 

1 

35 

21.5 

9.0 

22.5 

JAN 

11 

3  0.8 

6.2 

32.0 

40. 0 

19 

in. 9 

29 

49 

12 

39.1 

6.6 

41.0 

0 

29 

21  .4 

8.9 

25.0 

JAN 

21 

3"*. 7 

P.  6 

35.0 

42.  7 

34 

17.  t 

36 

51 

63 

42.4 

4.9 

42.0 

0 

36 

26.1 

9.3 

29.0 

FEB 

37.3 

5.2 

37.0 

50.2 

34 

lb. 9 

3c 

56 

30 

44  .4 

4.7 

45.0 

-1 

23 

30.0 

7.9 

32.0 

FES 

11 

39.9 

4.4 

40.  0 

4  7.7 

68 

26.5 

62 

57 

47 

46.2 

5.1 

45.0 

20 

62 

33.1 

5.3 

35.0 

FEP 

21 

m  .5 

5.2 

40.0 

52.0 

65 

31  .4 

51 

63 

53 

4e.9 

5.6 

48.0 

18 

60 

34  .  0 

6.2 

35.0 

MAR 

44.9 

4.6 

44.0 

60.  0 

47 

37.2 

21 

68 

47 

52.4 

6.4 

51.0 

26 

21 

37.4 

4.8 

38.  0 

MAR 

11 

46.0 

5.2 

4  7.0 

61.5 

41 

39.0 

13 

7  0 

15 

56.7 

6.7 

57.0 

28 

64 

39.9 

5.4 

40.  0 

MAR 

21 

53.2 

5.4 

52.0 

66.6 

25 

44.2 

20 

76 

77 

62.2 

6.7 

62.0 

29 

36 

44.4 

4  .8 

44  .  0 

APR 

57.0 

7.0 

55.0 

72.9 

36 

4  4.1. 

55 

6  5 

36 

67.3 

8.0 

67.0 

37 

22 

46.8 

5.6 

46.0 

APR 

11 

60.2 

5.6 

59.0 

73.5 

77 

49.6 

70 

66 

34 

71.6 

7.h 

70.0 

39 

21 

50.3 

5.2 

50.0 

APR 

21 

63.9 

6.1 

63.0 

79.5 

66 

53.2 

I' 

90 

66 

74.3 

7.1 

75.0 

41 

61 

53.0 

6.4 

52.0 

MAY 

17.2 

5.5 

67.0 

61.6 

24 

52.7 

24 

6  9 

73 

77.8 

6.3 

76.0 

41 

67 

55.3 

6.0 

57.0 

MAY 

11 

7P.1 

5.6 

69.0 

6  4.0 

56 

56.6 

20 

97 

36 

60.1 

6.4 

80.0 

43 

44 

57.8 

5.7 

58.0 

MAY 

21 

71.  6 

5.1 

7  0.0 

81.1 

69 

63.0 

39 

92 

J8 

61.0 

5.5 

61.0 

46 

66 

60.6 

6.2 

60.0 

JUN 

73.4 

5.9 

72.0 

69.2 

74 

61.3 

61 

95 

40 

6  2.3 

6.0 

82.  0 

51 

81 

62.7 

6.9 

62.0 

JUN 

11 

75.  1 

5.2 

74  .0 

ep.4 

25 

63.5 

b-5 

°7 

12 

84.9 

5.8 

85.0 

54 

69 

63.6 

6.2 

63.0 

JUN 

21 

79.9 

■^.1 

A  0.0 

O4.0 

75 

66.7 

62 

102 

24 

A  8  .  0 

4.8 

88.0 

55 

55 

69.7 

6.6 

70.  0 

JUL 

i  '■ .  3 

4.7 

62.0 

92.6 

60 

72.2 

15 

101 

18 

91  .4 

4.9 

92.0 

63 

71 

73.3 

6.0 

73.0 

JUL 

11 

85.0 

3.9 

85.0 

93.2 

28 

77.4 

40 

101 

34 

92.4 

3.8 

93.0 

59 

48 

74.3 

7.1 

76.0 

JUL 

21 

63.  8 

4.4 

63.0 

92.9 

71 

75.0 

64 

103 

61 

91.2 

4  .4 

92.0 

59 

64 

73.6 

6.3 

74.0 

AUG 

83. 1 

5.4 

63. 0 

96.2 

67 

66.6 

78 

98 

67 

90.6 

4.3 

90.0 

52 

16 

73.4 

7.9 

74.0 

AUG 

11 

78.6 

6.0 

79.0 

«9.2 

15 

6  3.5 

60 

98 

67 

68.7 

5.7 

89.0 

49 

12 

67.3 

7. 1 

68.0 

AUG 

21 

7L.2 

5.4 

75.0 

86.6 

63 

61  .7 

12 

96 

38 

6  5.4 

5.9 

85.  0 

51 

22 

65.0 

6.9 

66.0 

SEP 

7C.9 

6.3 

70.  0 

66.1 

3  6 

54,1 

14 

9  3 

36 

81.5 

6.5 

62.0 

47 

47 

59.9 

6.5 

59.  0 

SEP 

11 

67.7 

7.9 

66.0 

61.6 

67 

54.3 

72 

90 

67 

76.8 

7.7 

77.0 

43 

34 

57.9 

8.2 

57.0 

SEP 

21 

62.3 

6.6 

61.5 

79.9 

43 

50.6 

27 

6  3 

43 

7  2.2 

6.7 

74. C 

39 

70 

52.2 

6.0 

c0.0 

OCT 

57.4 

4.9 

57.0 

6  8.0 

44 

46. b 

30 

e2 

34 

66.2 

5.6 

66.0 

33 

30 

48.8 

5.5 

47.5 

OCT 

11 

r0.2 

5.3 

50.0 

62.2 

44 

36.  b 

19 

70 

52 

59.1 

6.0 

60.0 

21 

35 

40.9 

6.2 

41.5 

OCT 

21 

43.5 

3.  9 

43.0 

50.6 

65 

34.1 

73 

64 

65 

51.3 

5.2 

50.0 

21 

45 

36.0 

4.5 

36.0 

NOV 

38.7 

4.3 

36..0 

47.6 

34 

22.5 

55 

55 

53 

45.7 

4.6 

45.0 

12 

55 

31.9 

5.6 

33.0 

NOV 

11 

35.8 

4.0 

3  5.0 

4  6.3 

33 

27,1 

31 

56 

49 

44.2 

5.  3 

44.0 

15 

75 

29.1 

4.3 

30.0 

NOV 

21 

33. e 

4.  1 

33.0 

44.7 

39 

16.7 

72 

53 

41 

41.9 

5.5 

42.0 

4 

19 

26.6 

6.4 

27.0 

DEC 

32.0 

u  .  9 

32.0 

41  .7 

17 

15.5 

22 

54 

17 

39.5 

4.5 

38.0 

0 

19 

24.9 

7.4 

25.0 

DEC 

11 

32.0 

4  .  1 

32.0 

40.5 

80 

19.2 

66 

55 

33 

40.1 

4.7 

39.0 

-10 

68 

23.2 

6.9 

24.  0 

DEC 

21 

MONTH 

30.4 

4.b 

31.0 

39.5 

53 

17.4 

37 

49 

53 

42.7 

4.0 

43.0 

-2 

79 

15.9 

8.7 

14.0 

JAN 

37.2 

3.6 

37.0 

44.2 

34 

23.1 

36 

57 

47 

48.3 

3.8 

49.0 

-1 

23 

23.9 

6.8 

25. C 

^EB 

44.9 

3.6 

44.0 

55.9 

41 

37.3 

55 

70 

15 

57.7 

6.2 

57.0 

1  8 

60 

32.4 

5.8 

33.0 

*AP 

56. e 

4.4 

56.0 

69.3 

34 

48.3 

70 

68 

54 

73.5 

7.1 

73.0 

2y 

36 

42.7 

3.8 

47.0 

1PR 

67.2 

3  .6 

67.0 

77.5 

56 

60.0 

16 

97 

36 

62.6 

5.3 

82.0 

41 

67 

49.7 

4.5 

49.0 

"AY 

73.3 

3.2 

73.0 

81  .6 

61 

65.9 

61 

Q7 

12 

ae.o 

3.6 

88.0 

46 

66 

56.9 

4.5 

57.0 

JUN 

62.3 

2.5 

83.0 

5  P.  5 

60 

76.7 

12 

102 

24 

94  .4 

3.3 

94.  0 

55 

55 

b6.4 

4.9 

66.0 

JUL 

81.7 

4.0 

82. C 

90.7 

67 

74.0 

12 

103 

61 

93.3 

3.5 

94.0 

49 

12 

65.5 

6.3 

66.0 

5UG 

71. £ 

<*.£ 

71.0 

61  .8 

67 

62.1 

41 

96 

38 

66.7 

5.0 

e7.o 

43 

34 

54.2 

5.3 

55.0 

3EP 

5b. 4 

3.6 

55.5 

67.4 

52 

5  0.5 

66 

63 

43 

73.1 

5.4 

74.  0 

21 

35 

40.0 

5.4 

40.0 

DCT 

39.  4 

2.9 

39.0 

45.7 

54 

32.9 

5r 

64 

65 

52.1 

4.8 

52.0 

12 

55 

27.5 

5.2 

29.0 

:ov 

3.  .6 

2.6 

32.0 

36.7 

33 

25.5 

76 

55 

?' 

44  .4 

4.5 

45.0 

-10 

68 

19.6 

7.3 

22.0 

DEC 

37 


Table  22.— Daily  minimum  temperature  statistics  as  in  table  21 

MINIMUM         DAILY         TEMPERATURE 


I'EAM.     STANDARD     DEVIATION,     AND    EXTREME     VALUES 


STATION  Nu''  "El' 


PRIEST  RIVER  EXP  FOR  (CONTROL  STT 


1931-1977 
EXCEPT  AS  NOTED 


PERIOD 

BEGINS 

JAN 

JAN 

11 

J  A 'J 

21 

FEB 

FFJj 

11 

FE'l 

»] 

'lA* 

MAR 

1  1 

»AK 

21 

niii 

Apr 

11 

APR 

21 

'i/\  r 

MAY 

11 

NAY 

21 

JUN 

JUN 

11 

JUN 

21 

JUL 

JUL 

11 

JUL 

21 

aug 

AUG 

11 

AJG 

21 

SEP 

SEP 

11 

SEP 

21 

OCT 

OCT 

11 

OCT 

21 

NOV 

NOV 

11 

NOV 

21 

TEC 

NEC 

11 

DEC 

21 

MONTH 

JAN 

FE'« 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SFH 

OCT 

NOV 

DEC 

10 -FAY 

AND 

1IILY  PERIOD 

MEANS 

10-DAY  AND 

MONTHLY 

EXTREMI 

I  DA 

LY  VAL 

NFS 

1^12 

-1902 

STl  . 

HIGHEST 

1  OLE  ST 

[   1912- 

1982 

AVF  . 

STD. 

NED  I  AN 

1912- 

L962 

AVG. 

STD. 

MEDIAN 

PERIOD 

'.  i 

<\ 

nt  V. 

kilo 

[AN 

.1 V  G 

Yh 

AVG 

in 

[    HIGH 

YR 

NIGH 

OEV. 

HIGH 

LCW 

YR 

LOW 

OEV. 

LOW 

BEGINS 

If 

,4 

■*.  1 

20 

.  1. 

30.6 

39 

-12.1 

7° 

[      37 

53 

28.4 

5.6 

30.0 

-26 

24 

5.5 

13.0 

8.0 

JAN   1 

1 

.4 

9.7 

IS 

.0 

3  2.0 

53 

-13.  9 

16 

[      "0 

20 

26.9 

5.7 

31.0 

-29 

25 

2.3 

15.7 

5.0 

JAN  11 

16 

^ 

10.1 

17 

.  0 

31.7 

53 

-10. o 

57 

[       35 

74 

2e  .8 

7.1 

31.0 

-33 

50 

-0.3 

14.7 

0.0 

JAN  21 

1" 

.  1 

19 

.  0 

3  0.2 

78 

-6  .  'j 

3  6 

I       3  6 

81 

29.3 

4.9 

31.0 

-35 

33 

1.7 

15. u 

6.0 

FEB   1 

/;.' 

.  1 

6.3 

20 

a 

SI. 2 

5R 

-12.6 

J  6 

[       41 

61 

3  0.3 

3.6 

31.0 

-28 

36 

7.4 

12.6 

9.0 

FEB  11 

21 

.8 

6.  1 

22 

,  5 

32.3 

7  ri 

-5.0 

','  ° 

[       39 

72 

30.8 

3.6 

32.0 

-18 

18 

11.0 

9.4 

13.0 

FEB  21 

21 

.  3 

5.1 

22 

.  0 

29.2 

77 

6.1 

43 

L       ill 

14 

31.3 

3.1 

32.0 

-18 

45 

8.7 

9.9 

11.0 

MAR    1 

21 

.0 

4.1 

24 

.0 

32.2 

72 

12.7 

65 

I       40 

41 

32.1 

2.3 

32.0 

-7 

13 

13.6 

8.5 

16.0 

MAR  11 

2  b 

.0 

3.6 

2  b 

.0 

33.  b 

7  8 

16.0 

13 

[       41 

41 

33.5 

2.9 

33.0 

-10 

13 

16.2 

7.3 

17.0 

MAR  21 

27 

.9 

3.1 

28 

.0 

3  3  .  '4 

40 

18.0 

36 

t       4  3 

41 

35.3 

3.6 

35.0 

-1 

36 

20.5 

5.1 

22.0 

APR   1 

>" 

9 

2.  C 

29 

lj 

36.3 

26 

2  5.1 

51 

[      46 

38 

37.9 

3.2 

37.0 

14 

27 

23.2 

3.2 

24, C 

APR  11 

32 

1 

3.  0 

31 

J 

41.4 

34 

26.0 

54 

[      55 

78 

40.6 

4.  1 

41.0 

14 

23 

25.3 

3.4 

25.0 

APR  21 

34 

f 

2.8 

35 

u 

4  3.6 

8  0 

27.0 

65 

I      53 

4  1 

4  3.1 

3.8 

43.0 

18 

54 

27.3 

3.5 

27.0 

MAY   1 

*7 

0 

2.6 

36 

0 

143  .  4 

57 

29.9 

4' 

[      5  4 

4] 

45.6 

4.3 

45.0 

23 

16 

29.3 

3.4 

26.0 

MAY  11 

1" 

2 

3.1 

40 

0 

46.4 

58 

30.<i 

18 

58 

39 

4  9.6 

3.9 

49.  0 

23 

20 

31.7 

4.0 

31.0 

MAY  21 

4  2 

<5 

3.4 

43 

0 

51.1 

57 

33.0 

11 

[       r9 

72 

51.1 

4.3 

51.0 

24 

18 

35.0 

3.7 

3^.0 

JUN   1 

1*H 

CJ 

2.9 

44 

0 

5C.3 

74 

36.4 

19 

[       '1 

b3 

52.3 

3.6 

52.0 

27 

52 

35.6 

4.  1 

35.0 

JUN  11 

44 

5 

3.3 

44 

0 

55.4 

62 

3  6  .  t 

56 

I      63 

7  0 

53.0 

4.3 

53.0 

31 

34 

36.7 

3.5 

36.0 

JUN  21 

"45 

4 

3.1 

44 

0 

55.6 

7b 

38.9 

19 

[       62 

18 

53.7 

3.4 

54.0 

31 

79 

37.7 

3.8 

37.0 

JUL   1 

47 

0 

2.9 

46 

J 

55.5 

7^ 

37.0 

13 

[        614 

75 

55.5 

4.0 

55.  0 

31 

19 

39.4 

3.6 

39.0 

JUL  11 

46 

6 

2.7 

47 

0 

52.1 

71 

38.0 

16 

r       63 

80 

54.4 

4.5 

54.0 

29 

17 

39.3 

3.7 

39.0 

JUL  21 

4  5 

5 

3,  c 

45 

0 

54.9 

7b 

57.6 

17 

63 

7  3 

53.5 

4.8 

53.0 

31 

14 

3=4.0 

3.8 

39.0 

AUG   1 

44 

4 

2.8 

43 

0 

51.3 

79 

3  7.4 

13 

[      62 

32 

52.6 

4.  0 

52.  0 

29 

20 

37.1 

4.  0 

37.0 

AUG  11 

"43 

6 

2  .9 

43 

0 

51.9 

79 

3  5.9 

14 

[         cl 

76 

52.6 

4.2 

53.0 

26 

14 

35.7 

3.6 

36.0 

AUG  21 

41 

J 

?.Q 

41 

0 

50. n 

7R 

34  .6 

56 

bO 

30 

51.0 

4.0 

51.0 

23 

21 

32.9 

3.8 

33.0 

SEP   1 

36 

f' 

3.6 

39 

o 

•47.6 

4  0 

28. b 

1? 

[       56 

75 

4e.o 

3.9 

4e  .0 

19 

34 

30.1 

4.5 

29.0 

SEP  11 

3f 

7 

3.6 

36 

o 

45.  3 

40 

26.  J 

2  6 

[      57 

67 

46  .2 

4.8 

46.0 

16 

34 

29.1 

4.7 

2e.o 

SEP  21 

34 

2 

3.5 

33 

0 

43.  0 

51 

22. b 

16 

54 

29 

44  .2 

4.6 

44.0 

14 

32 

26.1 

4.1 

26.0 

CCT   1 

3  2 

6 

4.2 

33 

0 

4  1.1 

47 

23.9 

4  6 

[       51 

6  7 

42  .8 

4.4 

44.0 

15 

71 

24.5 

4.5 

24.5 

OCT  11 

31 

5 

3.6 

31 

0 

39.5 

7  3 

20.9 

36 

50 

37 

40.5 

4.2 

41  .  0 

-5 

35 

21.9 

6.3 

22.0 

OCT  21 

2c 

2 

4  .(' 

2H 

0 

39." 

80 

13.7 

3  6 

46 

7b 

36.  3 

4.5 

37.0 

-7 

35 

19.6 

7.6 

21.0 

NOV   1 

27 

0 

6.2 

2e 

0 

36.2 

54 

3.4 

5C 

42 

41 

35.1 

3.2 

35.0 

-16 

55 

17.7 

10.4 

20.0 

NOV  11 

25 

C 

5.6 

25 

0 

32.8 

2  0 

4  .  li 

31 

45 

49 

32.8 

4.9 

32.0 

-4 

75 

15.2 

7.9 

16.0 

NOV  21 

34 

0 

5.2 

24 

u 

31.7 

25 

-4  .  o 

19 

41 

75 

32.5 

3.4 

32.0 

-23 

19 

12.0 

9.6 

15.0 

DEC   1 

22 

1 

7.6 

22 

0 

33.4 

66 

-O.n 

22 

39 

24 

30  .6 

4.0 

32.0 

-25 

24 

11.0 

12.5 

12.0 

DEC  11 

21 

y 

6.5 

22 

u 

32.8 

8  0 

3.7 

61 

43 

33 

3  0.9 

3.7 

3  2.0 

-36 

68 

8.3 

11.8 

9.0 

DEC  21 
.10NTH 

17 

7 

7.2 

ie 

0 

30.2 

53 

-4.4 

37 

40 

20 

32  .0 

3.8 

32.0 

-33 

50 

-7.4 

12.6 

-1.0 

JAN 

IS. 

9 

5.2 

20 

u 

29.0 

58 

1  .0 

36 

41 

81 

33.0 

1  .5 

33.0 

-35 

33 

-2.3 

13.3 

-0.5 

FEB 

■■ 

a 

3.1 

24 

fl 

29.  3 

78 

15.3 

65 

[       41 

41 

34.4 

2.1 

34.0 

-18 

45 

6.1 

9.6 

6.0 

MAR 

29 

9 

1  .9 

30 

'I 

34  .9 

34 

2  5.6 

18 

56 

41.7 

3.6 

42.0 

-1 

36 

19.6 

4.6 

20.0 

APR 

37 

4 

2.0 

37 

0 

43.3 

80 

31.0 

18 

56 

<r'- 

5  0.5 

3.4 

50.0 

18 

54 

26.3 

2.9 

26.0 

MAY 

4  3 

8 

2.2 

43 

0 

4  9.0 

48 

36.  t 

19 

[      63 

70 

55.5 

3.3 

56.0 

24 

18 

32.9 

3.0 

33.0 

JUN 

46 

4 

2.0 

45 

0 

54.1 

75 

40. b 

13 

[       6  4 

75 

57.6 

3.4 

57.0 

29 

17 

35.8 

2.9 

36.0 

JUL 

44 

5 

2.4 

44 

(J 

49.5 

72 

39.  ci 

17 

6  3 

73 

56  .3 

3.3 

56.0 

26 

14 

34.2 

2.8 

34.0 

AUG 

' 

9 

2.4 

36 

0 

46.7 

40 

31.9 

12 

60 

30 

52.2 

3.3 

52.0 

16 

34 

26.9 

3.4 

26.0 

SEP 

52 

7 

2.6 

32 

0 

38.6 

47 

25.1 

16 

54 

29 

46.5 

3.1 

46.0 

-5 

35 

20.3 

5.7 

21.0 

OCT 

- 

7 

3.7 

27 

0 

3  4.0 

34 

18. b 

59 

46 

75 

38  . 1 

3.5 

38.0 

-16 

55 

10.8 

9.6 

12.0 

NOV 

•• 

i 

3.9 

23 

0 

30.5 

25 

9.C 

27 

43 

3  3 

34  .0 

3.0 

33.0 

-36 

68 

1.5 

11.3 

3.0 

DEC 

38 


Table  23.— Mean  temperature  statistics  as  in  table  21;  based  on  arithmetic  average  of  daily  maximum  and  minimum 
temperatures 


MEAN 

STATION  NUNPE "   10736 


DAILY    TEMPERATURE 

PRIEST  KIVER  EXP  FOH  (CONTROL  STM 


r'EAN,  STANDARD  DEVIATION.  AND  EXTREME  VALUES 


1931-1977 
EXCEPT  AS  NOTED 


lO-'.lAY 

ANO  KCJNTHL  Y  PERIOD 

I1EAMS 

10-DAY  AND 

MONTHLY 

EXTREME  DAILY  VALUES 

1912 

-1962 

PER  10. 

STL. 

HIGHEST 

LOWEST 

1912- 

962 

AVG. 

STD. 

MEDIAN 

1912-1982 

AVG. 

STD. 

MEDIAN 

PERion 

3EG 

Nc 

.   t   Af 

DEV. 

i'.EDIAIJ 

AVG 

Y6 

AVG 

TO 

HTGH 

YR 

HIGH 

DEV. 

HIGH 

LOU 

YR 

LOW 

DEV. 

LCW 

BEGINS 

)i\\ 

24.1 

7.5 

25.  U 

3  3.9 

25 

-2.  7 

79 

43 

55 

3  2.1 

5.3 

33.0 

-15 

79 

14.1 

10.8 

17.0 

JAN   1 

JAIJ 

11 

2V.it 

7.o 

2  7.0 

36.0 

53 

0.6 

16 

43 

5  3 

33.0 

5.4 

34.0 

-14 

5  5 

12.0 

11.9 

15.0 

JAN  11 

JAN 

21 

23. fe 

e.o 

24.  0 

".c.7 

53 

O.J 

29 

41 

53 

33.0 

6.0 

35.0 

-14 

50 

11.1 

11.3 

13.0 

JAN  21 

FEP 

2o.t 

6.6 

27.  0 

Sc  .?- 

34 

5.5 

36 

[       4  3 

61 

34.7 

4.5 

75.0 

-17 

33 

15.0 

12.2 

17.0 

FEB   1 

FEU 

11 

2(1 .  7 

6.4 

29.  0 

56.fi 

bM 

2.  J 

36 

46 

61 

36.0 

3.9 

36.0 

-14 

23 

19.9 

10.4 

22.0 

FEB  11 

FEG 

21 

SO .  0 

4.6 

31.1 

37.7 

56 

13.  7 

2? 

44 

47 

36.6 

3.9 

37.0 

4 

57 

23.5 

7.5 

25.0 

FEB  21 

MAR 

51.4 

4,6 

51.0 

39.1 

41 

21  .4 

51 

46 

14 

38.0 

3.4 

30.0 

1 

55 

25.1 

8.4 

24.0 

MAR   1 

MAR 

11 

*4.4 

3.  5 

34.  L 

4  3.3 

47 

27.1 

17 

[       49 

72 

59.9 

3.3 

59.0 

10 

13 

26.9 

6.1 

29.0 

MAR  11 

1AR 

21 

57. 0 

3.9 

37.0 

46.1 

41 

27.1, 

13 

49 

41 

42.6 

3.4 

43.0 

11 

13 

50.0 

6.4 

32.0 

MAR  21 

APR 

4G.5 

3.5 

4  0.0 

4P.7 

25 

31.7 

36 

'-6 

34 

46.1 

3.8 

46.  0 

14 

36 

34.6 

4.8 

35.0 

APR   1 

APR 

11 

43.4 

4.G 

4  2.  u 

54.2 

26 

36.6 

70 

[       60 

26 

49.3 

4.5 

49.  0 

29 

22 

37.1 

3.9 

37.0 

APR  11 

APN 

21 

46.2 

3.  9 

45.  U 

57.4 

3  4 

39.0 

b^ 

6  6 

39 

53.0 

5.4 

53.0 

50 

54 

39.5 

3.7 

39.0 

APR  21 

MAY 

'19.4 

3.7 

4  9.0 

58.6 

66 

4  3.1 

to 

66 

to 

56.7 

4.5 

57.0 

54 

54 

42.5 

4.0 

42.0 

MAY    1 

HAY 

11 

52  .1 

3.6 

61.  u 

60.7 

24 

43.4 

74 

58 

4  9 

59  .6 

4.7 

59.0 

35 

19 

44.2 

3.8 

45.0 

MAY  11 

HAY 

21 

55.2 

3.9 

34  .0 

66.2 

6  6 

44  .o 

20 

[      72 

72 

62.9 

4.3 

65.0 

39 

44 

46.9 

4.1 

47.0 

MAY  21 

JUN 

57.2 

3.6 

56.0 

65.2 

69 

50.1 

3° 

[      73 

70 

6  3.6 

4.5 

65.0 

41 

66 

50.4 

4.4 

50.0 

JUN   1 

JUN 

11 

50.7 

3.6 

56.0 

69.7 

74 

52.4 

4  2 

[       74 

74 

65.3 

4.3 

65.0 

44 

54 

51.2 

4.1 

51.0 

JUN  11 

JuN 

21 

69.6 

3.5 

59.0 

66.4 

26 

54.2 

4f 

7  6 

73 

L-7.1 

4.1 

67.0 

44 

20 

52.1 

3.8 

51.0 

JUN  21 

JUL 

62.6 

3.e 

62.0 

7U.6 

76 

55.9 

12 

78 

75 

(9.2 

3.2 

69.0 

47 

55 

55.5 

3.9 

56.0 

JUL   1 

JUL 

11 

65.1 

3.3 

65.0 

72.7 

41 

56. o 

16 

7  9 

75 

71  .2 

5.4 

71.0 

48 

43 

58.1 

3.6 

58.0 

JUL  11 

JUL 

21 

6o. e 

2.5 

66.0 

71.  8 

71 

57.7 

16 

[        Ti 

2.8 

71.6 

5.0 

72.0 

49 

17 

58.2 

5.8 

58.0 

JUL  21 

AUG 

(.4.7 

5.2 

64.  J 

72.6 

71 

56.1 

6  4 

78 

61 

69.7 

3.3 

70.0 

49 

64 

6  8.2 

7.0 

56.0 

AUG   1 

AUG 

11 

63. a 

3.2 

64.  0 

70.9 

67 

65.  u 

18 

[        78 

32 

69.5 

3.4 

69.0 

47 

13 

57.4 

4.7 

57.0 

AUG  11 

AUG 

21 

61  .1 

3.2 

6  0.0 

68.2 

13 

33.0 

6  0 

7b 

67 

67.6 

3.6 

67.0 

40 

12 

53.7 

3.9 

54.0 

AUG  21 

SEP 

58.6 

3.3 

6P  .0 

65.2 

63 

4  9  .  h 

21 

74 

36 

65.1 

4.3 

65.0 

40 

21 

61.6 

4.0 

51.0 

SEP   1 

SEP 

11 
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Table  24.  — Frequency  distribution  of  daily  maximum  temperatures  at  Priest  River  Experimental  Forest   control  station;  based 
on  years  1931-77  and  24-hour  period  ending  at  5  p.m.  P.s.t. 
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Table  25.— Frequency  distribution  of  daily  minimum  temperatures  as  in  table  24 
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Table  26.— Dry  bulb  temperature  (°F)  observed  at  3  p.m.  P.s.t.  at  fire-weather  stations  in  Priest  River  Experimental  Forest.  Data 
are  for  complete  20  years,  1951-70,  at  clearcut  station;  for  indicated  numbers  of  years  at  Gisborne  Lookout 
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AVG. 

STD. 

MEDIAN 

HIGH 

YR 

HIGH 

DEV. 

HIGH 

87 

66 

72.8 

7.5 

71.5 

65 

54 

7°.l 

5.1 

78.5 

90 

5  8 

79.1 

5.7 

79.5 

50 

70 

61.1 

5.4 

01. C 

94 

61 

02.7 

5.6 

82.0 

91 

58 

82.1 

6.2 

ei.o 

96 

64 

se.5 

3.8 

88.0 

10  1 

60 

91.0 

4.6 

92.0 

97 

59 

90  .4 

4.5 

91.0 

104 

61 

90.8 

5.3 

91.5 

99 

67 

89.0 

4.3 

90.5 

98 

58 

87.4 

7.8 

86.5 

92 

58 

63.8 

5.4 

84.  0 

90 

53 

61.4 

6.6 

83.5 

91 

66 

76.4 

0.3 

76.0 

79 

b3 

71.1 

6.1 

73.0 

74 

63 

63.8 

7.3 

66.5 

68 

60 

57.5 

7.2 

57.5 

50 

58 

81 

,9 

4 

1 

82 

5 

94 

61 

66 

.3 

4 

2 

07 

0 

101 

60 

93 

.2 

3 

3 

93 

5 

1  0  4 

61 

93 

.6 

4 

2 

94 

0 

92 

58 

8  5 

,7 

5 

0 

86 

5 

79 

63 

71 

,7 

5 

2 

73 

0 

AVG. 

STD. 

MEDIAN 

LOW 

YR 

LOW 

DEV. 

LOU 

40 

67 

47.8 

6.0 

46.5 

35 

55 

48.9 

6.1 

48.0 

39 

60 

51.2 

6.4 

51.0 

45 

66 

56.0 

7.  3 

56. C 

48 

57 

57.6 

6.0 

56.0 

47 

68 

55.9 

c.8 

55.5 

50 

66 

62.2 

0.5 

62.5 

59 

65 

68.8 

7.0 

65.5 

54 

54 

68.9 

8.5 

68.5 

54 

56 

67.6 

7.7 

67.0 

54 

68 

69.1 

9.7 

69.5 

52 

64 

60.4 

7.2 

59.0 

50 

62 

61.1 

8.8 

60.5 

41 

65 

53.9 

5.5 

53.5 

4  3 

59 

52.7 

6.9 

51.0 

39 

59 

47.2 

5.5 

46.5 

33 

51 

44.7 

4.1 

45,0 

27 

57 

40.3 

6.2 

40.5 

45.0 


45 

66 

51 

0 

3 

5 

50.0 

50 

66 

50 

8 

6 

0 

58.5 

52 

64 

57 

8 

5 

4 

56.5 

-il 

65 

49 

3 

4 

0 

50.0 

27 

57 

38 

6 

4 

7 

39.0 

PERIOD 

BEGINS 

MAY 

1 

MAY 

11 

MAY 

21 

JUN 

1 

JUN 

11 

j  UN 

21 

JUL 

1 

JUL 

11 

JUL 

21 

AUG 

1 

AUG 

11 

AUG 

21 

SEP 

1 

SEP 

11 

SEP 

21 

OCT 

1 

OCT 

11 
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21 

'lONTH 

MAY 
JUN 
JUL 
AUG 
SEP 
OCT 


DRY    BULB    TEMPERATURE 


■        V 


STATION  NUIl'U'   10020?    "*.1ISR0RP,E  LOOKOUT 

10-DAY  AND  MONTHLY  PERIOD  MEANS 


PERIOD 

NU»  . 

STD. 

HIGHEST 
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BEGINS 

Yr(S 

1  a 

DEV. 

MEDIAN 

A  V  G  .  Y  R 

AVG.  YR 

JUL   1 

19 

6  3.2 

5.9 

64.  0 

75.3  6  fa 

52.8  5C 

JUL  11 

2  0 

68.1 

5.1 

67.6 

80.3  60 

f 0.0  68 

JUL  21 

20 

It  "  .  '* 

5.0 

69.0 

77.5  62 

59.5  70 

AUG   1 

20 

c7.5 

5.4 

68.0 

76.1  61 

57.0  fa? 

AU3  11 

2  u 

^7  .M 

6.6 

67. C 

83.1  67 

52.b(l6P 

AUG  ?1 

12 

64.1 
fa  1  .  3  n 

8.0 

6  3.  u 

75.6  70 

4  6  .  0  ft  6  0 

JUL 

06.  f* 

3.3 

AUG 

66.2' 
65.  3c 

4.5 

74. 

75. 


6  0 
b7 


61  .( 
57., 


MEAN,  STANDARD  DEVIATION.  AND  EXTREME  VALUES 

1951-1970 
10-DAY  AND  MONTHLY  EXTREME  DAILY  VALUES 


AVG.     STD.  MEDIAN 
HIGH.YR     HIPH    DEV.   HIGH 


8  5 

64 

76 

0 

4 

4 

76 

0 

87 

70 

70 

7 

4 

9 

79 

0 

66 

59 

7e 

2 

4 

8 

79 

0 

93 

61 

79 

3 

5 

3 

8C 

0 

87 

£7 

77 

4 

4 

8 

76 

5 

AVG. 

STD. 

MEDIAN 

LOW 

YR 

LOW 

DEV. 

LOU 

39 

66 

48.6 

6.6 

49.0 

45 

5  7 

56.0 

6.7 

55.5 

38 

54 

55.7 

9.6 

55.0 

40 

56 

54.1 

7.8 

54.5 

41 

64 

55.7 

9.5 

55.5 

38 

60 

50.9 

8.6 

52.0 

PERIOO 

BEGINS 

JUL 

1 

JUL 

11 

JUL 

21 

AUG 

1 

AUG 

11 

AUG 

21 

MONTH 


8  7  7  0 

81  .4 

3.3 

82.0 

38  54 

46.1 

4.7 

46.0 

JUL 

93  61 

82.1 

4.4 

62.0 

38  60 

47.0 

5.6 

45.5 

AUG 

II  Jf'DU'lES  F.STIP-ATt  FOR  LAYS  WITH  MISSING  UAT.i 

t  VALUr  DERIVED  FROM  Tn£  THREE  10-OAY  MEANS 

,  PRECEDING  VALUE  ADJUSTED  TO  COMPLETt  20-YEAK  PERIOD 
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Table  27.  — Relative  humidity  (percent)  observed  at  3  p.m.  P.s.t.  as  in  table  26 


RELATIVE  HUMIDITY 


STATION  NunyER   10U205 


MEAN,  STANDARD  DEVIATION,  AND  EXTREME  VALUES 


PRIEST  RIVER  EXP  FOR  (CLEARCUT) 


PRO. 

REGINS 

MAY 

MAY 

11 

MAY 

21 

JUN 

JUN 

11 

JUN 

21 

JUL 

JUL 

11 

JUL 

21 

AUG 

AUG 

11 

AUG 

21 

SEP 

SEP 

11 

SEP 

21 

OCT 

OCT 

11 

OCT 

21 

MONTH 

MAY 
JUN 
JUL 
AUG 
SFP 
OCT 


1C1-PAY  AND  MONTHLY  PERIOD  MEANS 


STD. 

HIGHEST 

LOU 

:st 

MEAN 

DEV. 

MEDIAN 

AVG 

YR 

AVG 

iYK 

45,1 

12.1 

ft  .5 

72.6 

61 

27.6 

66 

42.9 

9.6 

41.0 

57.1 

60 

27.7 

64 

■♦'4.3 

7.3 

f  2.5 

61.5 

53 

32.2 

63 

44.4 

10.3 

f  5.0 

62.4 

53 

22.2 

65 

ft. 6 

9.5 

f2.0 

61.3 

70 

29.4 

69 

fS.7 

11.4 

39.5 

69.6 

69 

27.1 

62 

39. t 

8.5 

39.0 

52.0 

6=1 

22.8 

66 

32.9 

6.° 

33.5 

4  3.0 

56 

21.0 

60 

29.3 

7.1 

27.0 

46.5 

55 

19.4 

56 

51.9 

9.1 

26.5 

51.6 

62 

20.4 

59 

30.2 

10.1 

27.5 

57.3 

68 

12.9 

67 

37.8 

12.9 

35.5 

61.5 

54 

20.5 

67 

3  5.3 

9.3 

34.5 

53.4 

70 

22.4 

67 

42.4 

13.1 

40.0 

71.0 

59 

27.1 

"1 

45.5 

12.3 

46.0 

69.0 

59 

20.^ 

67 

5«  .8 

12.6 

55.0 

87.8 

51 

36.3 

66 

58.9 

13.0 

56.0 

89. f 

51 

3  3.6 

69 

70.0 

9.7 

72.0 

90.6 

51 

48.3 

65 

44 

1 

6 

1 

43 

5 

56.6 

61 

34 

6 

*8 

44 

,2 

5 

4 

44 

0 

57.4 

53 

34 

5 

61) 

33 

7 

4 

7 

33 

0 

43.7 

55 

23 

9 

60 

33 

5 

8 

0 

31 

5 

47.1 

64 

19 

5 

67 

41 

0 

7 

8 

HO 

5 

60.8 

59 

24 

9 

67 

61 

5 

9 

6 

58 

5 

89.3 

51 

50 

3 

6b 

1951-1970 


10-DAY  AND  MONTHLY  EXTREMES 


AVG. 

STD. 

MEDIAN 

HIijH 

YR 

HIGH 

DEV. 

HIGH 

100 

67 

76.8 

14.7 

78.0 

100 

61 

77.7 

16.1 

81.5 

94 

69 

60.4 

12.0 

82.0 

94 

57 

74.9 

18.6 

80.0 

94 

70 

73.9 

17.4 

82.0 

100 

53 

76.3 

19.5 

83.5 

94 

69 

68.6 

19.9 

72.0 

69 

6b 

55.6 

19.7 

52.0 

94 

70 

56.2 

22.5 

48.5 

94 

53 

62.1 

20.7 

64.5 

94 

59 

55.0 

22.0 

49.0 

94 

65 

68.6 

24.2 

73.0 

100 

70 

66.0 

21.2 

63.5 

94 

59 

75.3 

17.6 

80.5 

94 

69 

77.6 

19.6 

68.0 

100 

69 

68.1 

12.8 

93.0 

100 

70 

66.8 

10.6 

89.5 

100 

70 

93.0 

7.8 

93.0 

100 

67 

89 

8 

6 

2 

92 

0 

100 

53 

90 

1 

4 

8 

90 

5 

94 

70 

80 

5 

13 

0 

66 

0 

94 

65 

82 

8 

14 

8 

87 

5 

100 

70 

69 

9 

7 

1 

93 

0 

100 

70 

96 

0 

3 

7 

93 

5 

AVG. 

STD. 

MEDIAN 

PRO. 

LOU 

YR 

LOU 

DEV. 

LOW 

BEGINS 

10 

66 

24.4 

9.2 

23.0 

MAY   1 

11 

58 

20.7 

5.5 

20.0 

"AY  11 

15 

66 

22.2 

4.0 

21.0 

MAY  21 

a 

65 

23.9 

7.6 

23.5 

JUN   1 

17 

66 

25.1 

4.5 

24.5 

JUN  11 

17 

70 

24.1 

5.5 

24.0 

JUN  21 

17 

67 

22.6 

4.6 

23.0 

JUL   1 

14 

60 

21.0 

3.7 

22.0 

JUL  11 

11 

53 

17.7 

3.7 

17.0 

JUL  21 

5 

61 

17.0 

4.6 

16.5 

AUG   1 

9 

67 

16.5 

3.1 

16.5 

AUG  11 

9 

66 

20.7 

8.3 

19.0 

AUG  21 

13 

67 

20.1 

5.1 

21.0 

SEP   1 

11 

68 

21.8 

6.3 

20.5 

SEP  11 

7 

67 

25.9 

7.9 

26.5 

SEP  21 

19 

52 

30.8 

12,3 

28.0 

OCT   1 

21 

69 

37.5 

11.5 

34.0 

ocr  ii 

28 

65 

45.4 

13.0 

45.0 

OCT  21 

10 

66 

17 

9 

3 

8 

18 

0 

8 

65 

19 

3 

4 

9 

18 

5 

11 

53 

17 

0 

3 

3 

16 

5 

5 

61 

14 

1 

3 

.6 

15 

5 

7 

67 

17 

,2 

4 

,5 

17 

0 

19 

52 

28 

8 

9 

A 

26 

0 

MONTH 

MAY 
JUN 
JUL 
AUG 
SEP 
OCT 


RELATIVE  HUMIDITY 


STATION  NUMBER   100202 


GISUORNL  LOOKOUT 


10-DAY 

\HO    MONT 

-ILY  PERIOD 

MEANS 

PERIOD 

NU.'l. 

STD. 

HIGHEST 

LOWEST 

BEGINS 

YIvS 

''EAU 

DEV. 

MEDIAN 

AVG.YR 

AVG. YR 

JUL   1 

19 

53.3 

11.1 

53.0 

72.4H55 

31.3  te 

JUL  11 

20 

45.6 

9.7 

46.0 

62.0  57 

24.4  60 

JUL  21 

20 

42.0 

10.9 

40.5 

70.3  55 

26.3  51 

AUG   1 

20 

46.5 

13.6 

43.5 

76.9  57 

2  8.9  67 

AUG  11 

2\) 

44  .6 

13.6 

43.  0 

67.5t)6d 

16. h  67 

AUG  21 

12 

47. c 
53.  Oi 

16.4 

45.5 

75.0H60 

16.5  70 

JUL 

Aug 


46. 8»   8.0 
46. 2*     11.3 

48.0°) 


64.0  55 

67.1  57 


30.4  60 
23.6  67 


HIGH.YP 


100  64 


MEAN.  STANDARD  DEVIATION,  AND  EXTREME  VALUES 

1951-1970 
10-DAY  AND  MONTHLY  EXTREME  DAILY  VALUES 


AVG. 
HIGH 


STD. 
DEV. 


74.9   24.4 


100  70    90. 
100  66    89. 


MEDIAN 
HIGH 


100  66  e5.3  14.2  89.0 

100  65  69.6  19.5  74.0 

100  70  69.0  23.5  63.5 

100  64  73.5  20.3  70.5 

100  66  73.2  21.9  73.0 


79.0 


AVG.  STD.  MEDIAN 

.OW.YR  LOW  DEV.  LOW 

18  52  31.3  10.0  31.0 

15  60  27.8  6.7  29.0 

18  60  25.8  4.6  26.5 

10  70  26.5  10.1  26.5 

9  70  25.4  9.1  24.0 

7  70  28.8  13.8  25.5 


PERIOD 

BEGINS 

JUL 

1 

JUL 

1  1 

JUL 

21 

AUG 

1 

AUG 

11 

AUG 

21 

MONTH 


12.6 

93.0 

15  60 

22.7 

5.0 

22.0 

JUL 

13.3 

97.  0 

7  70 

22.1 

e.i 

22.0 

AUG 

INCLUDES  ESTIMATE  FOR  DAYS  WITH  MISSING  DATA 
VALUE  DERIVED  FRO"  THE  THREE  10-DAY  MEANS 
PRECEDING  VALUE  ADJUSTED  TO  COMPLETE  20-YR  hERIOU 
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Table  28.— Frequency  distribution  of  dry  bulb  temperatures  (°F)  observed  at  3  p.m.  P.s.t. 


DRY  BULB  TEMPERATURE 


PERCENTAGE  FREQUENCY  DISTRIBUTION  OF  DAILY  VALUES 
-GIVEN  TO  TENTHS  PERCENT,  DECIMAL  POINT  OMITTED 


STATION  NUMBER   100205 


PRIEST  Rlv/ER  LXP  FOR  (CLEARCUT) 


1951-1970 


PFUl. 

BEGINS 

HAY 

MAY 

1  ! 

,AY 

21 

jur. 

J  UN 

11 

JUN 

21 

JUL 

JUL 

11 

JUL 

2) 

AUG 

Aug 

1' 

AUC- 

21 

SEP 

SEP 

11 

SEP 

21 

DCT 

OCT 

11 

OCT 

21 

5 

10 

lb 

2  0 

25 

30 

35 

TL 

TO 

TO 

TO 

TO 

TO 

TO 

9 

14 

19 

2" 

29 

34 

3  9 

TEMPERATURE  RANGE 
45    51     55    6  0 
TO    TO 


20 
14 


110 
(15 
36 


10 

is 


20 

5 

L27 


20 

bo 

191 


1  J 

55 

14b 

19b 

24b 


245 

120 
95 
8o 
55 
50 
3  0 


10 

3fc 
30 
90 
105 
14  = 
3  0  0 
236 


TO 
59 


140 

120 

159 

65 

1  00 

70 

50 

10 

9 

If 

35 

73 

55 

170 

145 

210 

190 

105 


65 
135 
132 

160 

170 

155 

6  0 

30 

27 

30 

40 

77 

100 

130 

175 

140 

115 


65 
TO 
69 


135 

140 

168 

160 

135 

140 

110 

70 

55 

75 

35 

150 

135 

100 

135 

100 

95 

27 


70 
TO 
74 


135 
175 
173 
160 
165 
205 
170 
135 

73 
110 
100 
166 
190 
140 
115 
135 

40 


75 

TO 
79 


70 
135 
105 
185 
145 
185 
145 
160 
150 
150 
175 
177 
175 
140 
120 

75 


TO 
84 


35 

60 

86 

115 

IIP 

75 

215 

240 

250 

260 

240 
123 
160 
155 
105 


85 

TO 
89 


23 

45 

100 

90 

12t 

185 

273 

180 

205 

105 

105 

55 

35 


90  9b  100 
Tn  TO  AND 
94    99  ABOVE 


5 

5 

15 

20 

90 

135 

136 

145 

100 

66 

50 


30 
23 
25 
6  0 
23 


PRD. 
BEGINS 


MAY 

I1AY 
MAY 
JUN 
JUN 
JUN 
oUL 
JUL 
JUL 

aug 
aug 

AUG 
SEP 
SEP 
SEP 
OCT 
OCT 
OCT 


DRY  BULB  TEMPERATURE 


PERCENTAGE  FREQUENCY  U  I  STP I BU T I  ON  OF  DAILY  VALUES 
-GIVEN  TO  TENTHS  PERCENT,  DECIMAL  POINT  OMITTEC 


MONTH 


•lAY 

JUNE 

JUL 

AUG 

SEP 

OCT 


76 

152 

14  0 

118 

146 

161 

103 

61 

11 

2 

,1AY 

1  3 

62 

76 

162 

145 

177 

172 

100 

7fl 

13 

JUN 

11 

23 

39 

77 

124 

152 

235 

197 

121 

19 

2 

JUL 

If 

42 

50 

89 

127 

168 

205 

161 

103 

35 

2 

AUG 

2 V 

75 

123 

135 

123 

146 

145 

140 

65 

20 

SEP 

97 

227 

166 

98 

73 

56 

24 

OCT 

STATION  NUNUER   100202 


ilSBORNE  LOOKOUT 


PrtO. 

i 

T 

JUL   1 
JUL  1  1 
JUl  21 
AiJ-,   1 
Aijr.  1) 
AJG  21 

I  1  i     T  •  S  1 

MOiMT'l 

J;il 

i  ij  ; 

(  12  Yl  !i) 

5 

in 

15 

2  0 

25 

3  0 

35 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

9 

14 

19 

24 

29 

34 

39 

1 

951- 

1970 

TEf'PE 

RfTl'RE 

RANGE 

4  0 

4  - 

50 

55 

60 

65 

70 

75 

80 

65 

90 

95 

100 

TO 

TC 

TC 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

AND 

PRD. 

4  4 

49 

54 

59 

64 

(,<=> 

74 

79 

84 

89 

94 

99 

ABOVE 

BEGINS 

32 

56 

111 

163 

116 

174 

169 

121 

37 

5 

JUL   1 

50 

55 

10  5 

160 

160 

225 

1«0 

80 

15 

JUL  11 

32 

50 

41 

127 

19b 

282 

200 

64 

5 

JUL  21 

21! 

30 

F  q 

70 

155 

215 

220 

155 

6  0 

15 

5 

AUG   1 

15 

*•*-! 

31 

71 

128 

214 

255 

133 

66 

31 

AUG  11 

3(3 

5.5 

75 

113 

195 

135 

12e 

135 

66 

45 

AUG  2l 

36 

70 

100 

134 

177 

228 

169 

4b 

5] 

61 

lbb 

195 

210 

142 

JUL 
AUG 
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Table  29.— Frequency  distribution  of  relative  humidity  (percent)  observed  at  3  p.m.  P.s.t. 


RELATIVE  HUMIDITY 


PF.RCEI  TAGF  FREQUEI^CY  DISTRIBUTION  OF  DAILY  VALl.ES 
-GIVEN  TO  TENTHS  PERCENT.  DECIMAL  POINT  OMITTED 


^T  i  I  ION  NUMBER 


MAY  I 
MAY  11 
-)AY  21 
JUN  1 
JUN  1  1 
JUN  ?1 
JUL  1 
JUL  11 
JUL  21 
AUG  1 
AUG  11 
AUG  21 
SEP  1 
SEP  11 
SEP  21 
OCT  1 
OCT  11 
OCT  21 


10U205 

( 

'RIEST 

F  i  VI 

lR  exi 

>  FO 

B 

in 

15 

2r 

2b 

30 

TC 

to 

TO 

TC. 

TO 

TO 

c 

in 
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Table  30.  — Frequency  distribution  of  three-way  combinations  of  dry  bulb  temperature  (°F),  relative  humidity  (percent), 
and  windspeed  (mi/h)  at  3  p.m.  P.s.t. 
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10-11 

2******** 

35-39 

•••***•* 

30-31 

•••••••* 

30 

******** 

TOTAL 

1000 

NUMBER 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

577 

MONTH   OCT 


WIND  SPEED   0-1  MPH             I             WIND  SPEED   5-9  MPH             I            WIND  SPEED   10-11  MPH 

RELATIVE  HUMIDITY              I              RELATIVE  HUMIDITY              I              RELATIVE  HUMIDITY 
1   11   21   31   11   51   61   71   81   91  I    1   11   21   31   11   51   61   71   81   91  I    1   11   21   31   11   51   61   71   81   91 
TEMP.    TO   TO   TO   TO   TO   TO   TO   TO   TO   TO  I   TO   TO   TO   TO   TO   TO   TO   TO   TO   TO  I   TO   TO   TO   TO   TO   TO   TO   TO   TU   TO 
OEG  F    10   20   30   10   50   60   70   80   90  100  I   10   20   30   10   50   60   70   80   90  100  I   10   20   30   10   50   60   70   80   90  100 

C100                                              I                                             I 
95-99                                              I                                             I 
90-91                                              I                                             I 
85-89                                              I                                             I 
80-81                                              I                                             I 
75-79         2   13    6                            12                                I 
70-71         2   13   19   11        2               I             16                            I 
65-69              9   26   32    1    1               I             2        2                       I 
60-61              6   21   17   28    9    6    2      I             2        2    2                   I 
55-59              9   35   37   22   22   15    6    7  I                 7    16                   I 
50-51              2   13   20   32   35   32   39   19  I                 9    1    1    7        2    2  1 
15-19              2    6    9   22   33   13   30   35  I                     2    1        2        11 

10-11                          1   11   17   19   33  I                          2    2    2        11                              2 
35-39                          2    6    2   19   30  I                              2               I 
30-31                                       6    6  1                                             I 
30                                               I                                       2      1 

TOTAL         1   51  128  126  113  122  113  119  130  I             9   22   13   17   11    1    1    9  I                              2 

NUMBER    0    2   29   69   68   61   66   61   61   70  I    0    0    5   12    7    9    6    2    2    51    0    0    0    0    0    0    1    0    U    0 

WINO  SPEEO   15-19  MPH            I      WIND  SPEED  GREATER/EOUAL  20  MPH      I   TOTAL   NUMBER 

C100                                              I                                             I       ••••**•* 

95-99                                              I                                             I       »»•**«•* 
90-91                                              I                                             I       «*».»•»* 
85-69                                              I                                             I       ••*»•••* 
80-81                                              I                                             I       •••••••• 

75-79                                              I                                             I     22******** 
70-71                                                  I                                                 I      56** ****•• 
65-69                                              I                                             I     78******** 
60-61                                              I                                             i            96*....*.. 

55-59                                              I                                             I    X7i*«»*.*»» 
50-51                                              I                                             I    219******** 
15-19                                              1                                             I    191........ 

10-11                                              I                                             I     95. •»..«»• 

35-39                                              J                                             i            59... 

30-31                                              I                                             I     ii*««****« 
30                                               I                                             I      2******** 

TOTAL                                              1                                             I   1000 

NUMBER    0000000000100000000001             539 
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Table  30.— (con. 


-GIVEN  TO  TENTHS  PERCENT, 
STATION  NUMBER   10020; 


EMPERATURE   -   RELATIVE    HUMIDITY   -   WIND 
PERCEIJTAGE  FREQUENCY  OF  OCCURRENCE  FOR  SELECTED  COMBINATIONS, 
DECIMAL  POINT  OMITTED 

GISDORNE  LO 


SPEED 


1951-1970 


MONTH   JUL 


TEMP.     TO 
DEG  F    10 


WIND  SPEED   0-1  MPH 

RELATIVE  HUMIDITY 

21   31   II   51   61  71  81  91 

TO   TO   TO   TO   TO  TO  TO  TO 

30   10   50   60   70  80  90  100 


WIND  SPEED   5-9  MPH 

RELATIVE  HUMIDITY 

11 

21   31   11   51   61   71 

81 

91 

TO 

TO   TO   TO   TO   TO   TO 

TO 

TO 

20 

30   10   50   60   70   80 

90 

100 

WIND  SPEED   10-11  MPH 

RELATIVE  HUMIDITY 
21   31   11   51   61   71 
TO   TO   TO   TO   TO   TO 
30   10   50   60   70   80 


C100 
95-99 
90-91 
85-89 
90-81 
75-79 
70-71 
65-69 
60-61 
55-59 
50-51 
15-19 
10-11 
35-39 
30-31 
30 


3 

12 

15 

3 

36 

31 

6 

13 

67 

33 

5 

23 

31 

21 

8 

3 

3 

7 

12 

12 

3 

2 

8 

2 

12 

3 

2 

3 

5 
2 

7 

5 

e 

2 
3 

TOTAL 


51   71   59 


23   13   13   12 


33   15   36   18   11 


t'lNO  SPEED   15-19  MPH 


7   69  150  100   51   21   16   16   18 
1   12   91   61   31   13   111   10   11 

WIND  SPEED  GREATER/EQUAL  20  MPH 


30   63   11   20   21   10 
18   38   27   12   13    6 


TOTAL   NUMBER 


ClOO 
95-99 
90-91 
85-89 
80-81 
75-79 
70-71 
65-6° 
60-61 
55-59 
50-51 
15-19 
10-11 
35-39 
30-31 
30 


**** 

**** 

**** 

»*** 

**** 

►  *** 

0**** 

►  *** 

61**** 

**** 

166**** 

<*** 

2?^**** 

(*** 

17A**** 

>*** 

135**** 

«*** 

10U**** 

*  *  * 

71**** 

« *  *  * 

36**** 

*** 

10**** 

*** 

7**** 

»*** 

**** 

**  * 

**** 

.*** 

TOTAL 

NUMBER    0 
MONTH   A  I. 


TEMF 
DEg 


2    5 
1    3 


WIND  SPEED 

0-1  MPH 

RELATIVE 

■HUMIDITY 

1   31   11 

51   61   71 

81 

91 

0   TO   TO 

TO   TO   TO 

TO 

TO 

0   10   50 

60   70   BO 

90 

100 

WIND  SPEED   5-9  "P 

RELATIVE  HUMIDITY 

11 

21   31   11   51   61 

TO 

TO   TO   TO   TO   TO 

20 

30   10   50   60   70 

TO   TO 
90  100 


WINO  SPEEO   10-11  MPH 

RELATIVE  HUMIDITY 

21   31   11   51   61  71 

TO   TO   TO   TO   TO  TO 

30   10   50   60   70  80 


TU   TO 
9U  100 


ClOO 
95-99 
90-91 
85-89 
80-81 
75-73 
70-71 
65-69 
60-61 
55-59 
50-51 
15-19 
10-11 
35-39 
30-31 
30 


13 
10 


TOTAL 


ClOO 
95-99 
90-91 
85-89 
80-81 
75-79 
70-71 
65-69 
60-61 
55-59 
50-51 
15-19 
10-11 
35-39 
30-31 
30 

TOTAL 


38       23       21       13       12       17 


28       2n       12 


UNO    SPEED       15-19 


A   35   91  125  100   10   31   19   13   36 
i   18   19   65   52   21   16   10    7   19 

WIND  SPEED  GREATER/EQUAL  20  MPH 


1  10   29   18   38   15   17   10 

2  5   lb   25   20    8    9    5 

TOTAL   NUMBER 


111* 
211« 
191« 
151« 
79« 


10   10   10 
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Table  31.— Daily  maximum  temperature  (°F)  at  fire-weather  stations  in  Priest  River  Experimental  Forest;  statistics  based  on 
24-hour  period  ending  at  3  p.m.  P.s.t.  Data  are  for  complete  20  years,  1951-70,  at  clearcut  station;  for  indicated 
numbers  of  years  at  Gisborne  Lookout 


MAXIMUM  DAILY  TEMPERATURE 


STATION  MII'ifiEW   100205     PRIEST  RIVER  EXP  FCD  (CLFAPCUT) 


MEAN.  STANDARD  DEVIATION  AND  EXTREME  VALUES 

1951-1970 


PEP  I  Or 

BEGINS 

HAY 

1 

'1AY 

11 

WAY 

21 

jun 

1 

Juu 

11 

JON 

21 

JUL 

1 

JUL 

1) 

JUL 

21 

AUG 

1 

Aug 

1! 

AUG 

21 

SEP 

1 

SEP 

11 

SEP 

21 

OCT 

1 

OCT 

li 

OC  T 

21 

1C 

-DAY  / 

MM    MOM 

THLY  PE 

110(1 

MEANS 

10-DA 

1    AND 

MC1NTHL 

STL  . 

HIGHEST 

LOUiEST 

A  V  G  . 

STU. 

MEDIAN 

he  a "j 

dev. 

i-lEDIAM 

AVG 

YK 

AVG 

YP 

HIGH 

YR 

HIGH 

DEV. 

HIGH 

63.9 

5.9 

62.  U 

75.3 

57 

54.7 

bl 

89 

66 

74.4 

7.4 

74.0 

6"  .5 

4.7 

69.  n 

76.9 

50 

59.  b 

66 

87 

56 

79.7 

4.4 

79.5 

70.4 

5.9 

6  9  .  CI 

a5.0 

5H 

6  0.9 

55 

92 

c  n 

90.1 

5.9 

90.5 

7  3.6 

5.6 

72.  C 

93.  3 

6  9 

65.  -J 

5  4 

9  2 

7  0 

92.2 

5.1 

61.0 

74. =5 

5.7 

72  .U 

9  5.4 

61 

66.5 

54 

94 

61 

83.7 

5.1 

82.0 

7=5.3 

5.0 

74.  u 

93.5 

70 

65.9 

bq 

94 

5  5 

83.8 

6.0 

82.5 

P0.1 

'1  .8 

79.(1 

90.6 

69 

70.5 

55 

97 

64 

69.5 

4.2 

88.5 

.'4.6 

..9 

(14  .5 

9  5.0 

60 

76.6 

63 

101 

6  0 

92.3 

4.3 

93.5 

8S.5 

4.3 

96.0 

9  2.2 

62 

79.1 

63 

1  0  0 

39 

92.4 

4.0 

9  2.0 

t!  4 .  B 

5.2 

96,  n 

9  3.1 

61 

75.  1 

64 

105 

6) 

92.6 

5.4 

94.  0 

64.5 

6.1 

84  .0 

9  7.9 

67 

72.0 

6  8 

-,  01 

67 

91  .4 

5.0 

51.5 

78.6 

7.1 

7  7.  U 

90.3 

70 

65.4 

£0 

98 

70 

89.6 

6.9 

89.0 

77.3 

5.9 

7  7.5 

99.1 

55 

68.1 

6  4 

[       97 

67 

86.3 

6.  0 

86.0 

73.1 

6.  5 

73.0 

92.  3 

56 

58. 0 

(5 

92 

69 

8  4.2 

6.5 

94.5 

69.  1 

7.6 

b7.5 

9  3.6 

52 

58.1 

61 

91 

66 

79.1 

8.3 

76.5 

63.6 

5.7 

63.0 

79.9 

52 

56.  0 

69 

8  2 

52 

74.6 

5.8 

76.5 

5  P  .  7 

5.7 

5  9.0 

b  e .  a 

52 

49.6 

51 

7°=. 

63 

t  6.5 

G.4 

67.5 

6  2.6 

5.4 

52.0 

61.7 

52 

43.5 

51 

72 

52 

61  .0 

7.1 

62.5 

AVG. 

STD. 

MEDIAN 

PERIOD 

LOW 

YR 

LOW 

DEV. 

LOU 

BEGINS 

42 

61 

52.2 

6.7 

51.0 

MAY   1 

44 

67 

54.8 

5.9 

55.  0 

MAY  11 

48 

60 

59.7 

7.1 

58.5 

MAY  21 

47 

66 

62.9 

6.9 

63.0 

JUN   1 

56 

70 

63.9 

5.8 

63.5 

JUN  11 

52 

65 

63.0 

4  .7 

63.5 

JUN  21 

54 

55 

68.3 

6.7 

69.0 

JUL   1 

60 

65 

74.7 

6.3 

75.0 

JUL  11 

65 

65 

76.0 

6.8 

77.0 

JUL  21 

62 

56 

75.1 

6.9 

77.0 

AUG   1 

56 

59 

73.8 

10.1 

76.0 

AUG  11 

54 

66 

67.9 

8.6 

67.0 

AUG  21 

56 

64 

67.6 

8.1 

6e.o 

SEP   1 

49 

65 

60.4 

6.2 

59.5 

SEP  11 

49 

68 

56.5 

7.5 

57.5 

SEP  21 

40 

59 

51.4 

7.8 

51.5 

OCT   1 

40 

51 

49.8 

4.7 

49.5 

OCT  11 

33 

57 

43.5 

5.7 

43.5 

OCT  21 

MONTH 


ri  a  y 

JUN 
JUL 
AUG 
SEP 
OCT 


..7.7 

3.9 

67.0 

78.6  58 

61  .4 

55 

92  58 

62.9 

4.4 

04.0 

42  61 

49.8 

4.  3 

49 

5 

MAY 

7  4.5 

5.5 

7  3.5 

62.4  61 

69.1 

53 

94  61 

87  .4 

3.8 

e7.o 

47  66 

58.7 

4.7 

59 

5 

JUN 

8  3.5 

3.0 

8  3.0 

9  0  .  5  6  0 

77.1 

6  3 

101  6  0 

94.7 

3.2 

95.0 

54  55 

66.9 

6.1 

67 

5 

JUL 

9  2  . 5 

5.0 

8  2.0 

91.9  67 

75.5 

I   4 

105  61 

95  .4 

4.1 

95.5 

54  66 

66.  1 

8.4 

64 

5 

AUG 

73.4 

4.9 

7  3.0 

£1.7  67 

6  4.i 

65 

97  67 

68.0 

5.3 

88.5 

49  6e 

55.3 

3.9 

56 

0 

SEP 

58.  1 

4  .4 

56.0 

69.5  52 

51.3 

51 

: 

82  52 

75.1 

4.9 

76.5 

3.3  57 

42.2 

4.5 

41 

5 

OCT 

MAXIMUM  DAILY  TEMPERATURE 


MEAN.  STANDARD  DEVIATION.  ANO  ExTREME  VALUES 


1951-1970 


li 

-DAY 

AND  MOM 

THLY  PERIOD 

MEANS         I 

PERIOU 

NUM. 

STU. 

HIGHEST 

LOWEST    I 

BEGINS 

YKS 

MEAN 

UEV. 

MEDIAN 

AVG.YR 

AVG. IP     I 

JUL   1 

18 

6  7.8 

5.6 

6  8.6 

77.5  68 

56.4055     I 

JuL  11 

19 

72.4 

4  .8 

72.0 

9  2.1  60 

6  4.5  63     J 

JUL  21 

2  0 

7  3.1 

4.7 

72.  U 

91.1  6  2 

65.7  70     I 

AUG   1 

19 

72.1 

5.1 

72.  0 

91.5  61 

61. i  64     I 

AUG  11 

19 

72.3 

6.4 

71.0 

36.0  67 

57.5U69     I 

AUG  21 

12 

69.4 
66.5a1 

7.6 

6  0.0 

9  0.1  70 

51.01160     I 

10-DAY  AMD  MONTHLY  EXTREME  DAILY  VALUES 


»VG.     STD.  MEDIAN 
HK-H.YH    HIGH    DEV.   HIGH 


95 

6  4 

77 

,4 

4 

2 

77 

5 

87 

70 

79 

.7 

4 

6 

79 

0 

91 

59 

79 

,9 

4 

6 

60 

0 

95 

61 

60 

.5 

5 

9 

81 

0 

88 

6  7 

79 

,2 

4 

6 

78 

0 

90 

70 

6  0 

.5 

g 

5 

83 

0 

AVG. 
LOW.YR    LOU 


45  64 


STD.  MEDIAN 
DEV.   LOW 


39  55  56.2  9.1  5e.0 

51  63  61.3  6.3  60.0 

47  65  61.6  t. 1  64.0 

46  56  bl.l  7.0  61.0 

42  68  61.0  11.1  63.0 


58.2 


8.4 


60.0 


PERIOD 
BEGINS 

JUL  1 
JUL  11 
JUL  21 
AUG  1 
AUG  11 
AUG  21 


JUL 
AUG 


71.  Z* 

71.2. 

70.  ?<■■ 


78.0  60 
79.9  61 


I 

I 

66.1M55     I 

62.0664     1 


91  59 
95  61 


82.2 
83.9 


82.5 
e4.0 


39  55 
42  66 


53.7 
54.5 


7.3 
7.7 


JUL 
AUG 


«  UCLUOES  FSTlh'ATE  FOP  DAYS  WITH  MISSING  DATA 

*  VALUE  OFRIVEl  FROM  I  HE  THREE  10-DAY  MEANS 

3  FRECEDIMG  VALUE  ADJUSTEU  TO  COMPLETE  20-YFAh  prRInp 
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Table  32.— Daily  minimum  temperature  (°F)  as  in  table  31 

MINIMUM  DAILY  TEMPERATURE 

STATION  NUMPER   103205     PRIEST  RIVER  EXP  FOr%  (CLEARCUT) 
10-l.lAY  AMU  MONTHLY  PERIOD  MF  ANS 


PER  I  on 
9EGINS 

MAY  1 

MAY  11 

MAY  21 

J  UN  1 

JUN  11 

JUN  21 

JUL  1 

JUL  11 

JUL  21 

AUG  1 

AUG  11 

AUG  21 

SEP  1 

SEP  11 

':>FP  21 

OCT  1 

OCT  11 

OCT  21 


MAY 
JUN 
JUL 
AUG 
SEP 
OCT 


sn  . 

HIGHEST 

LOW 

-ST 

l''EAN 

Ot.V. 

MEDIAN 

AVG 

YK 

AVG 

YR 

53 

6 

3.0 

33.5 

39.2 

57 

26.9 

65 

35 

9 

2.5 

35.0 

41.7 

57 

2  9.6 

63 

jfl 

6 

3.2 

36. n 

45.5 

56 

32.5 

51 

tg 

3 

3.6 

42.5 

4e.4 

69 

36.3 

60 

42 

I 

2.7 

41.0 

47.6 

61 

36.0 

55 

42 

2 

3.3 

41.5 

46.2 

70 

36.6 

56 

43 

3 

2.6 

4  3.5 

47.1 

63 

36.7 

6? 

4  4 

4 

2.7 

43.5 

«9.7 

55 

39.6 

62 

^2 

Q 

3.1 

42.0 

50.0 

5  5 

37.^ 

54 

42 

4 

3.7 

41.0 

50.1 

65 

37.5 

69 

"1 

4 

3.2 

41.5 

46.5 

61 

3  6.5 

70 

40 

9 

3.5 

41.0 

45.6 

61 

33.0 

55 

37 

7 

3.0 

30.0 

42.9 

70 

31.2 

bS 

36 

3 

4  .4 

36.0 

43.9 

59 

30.0 

70 

35 

0 

4.0 

3b.  0 

42.4 

69 

26.  7 

56 

3? 

4 

3.6 

51.5 

42.2 

51 

26.6 

52 

31 

7 

4.0 

31.5 

36.5 

55 

21.  a 

69 

in 

3 

3.5 

30.0 

35.9 

60 

22.  t, 

5  6 

36 

1 

2 

.0 

35 

0 

40 

2 

57 

33 

1 

55 

42 

2 

2 

,3 

m 

0 

46 

3 

69 

36 

b 

60 

43 

5 

1 

6 

43 

0 

47 

7 

55 

40 

6 

c;i 

41 

5 

2 

5 

41 

u 

46 

4 

65 

36 

5 

55 

36 

3 

2 

7 

35 

0 

40 

6 

59 

32 

9 

60 

31 

4 

2 

5 

31 

0 

35 

I 

51 

26 

0 

52 

•■EAN.  STANDARD  DEVIATION,  AMD  FXTKEME  VALUES 


19=1-1970 


10-DAY  AMU  MONTHLY  EXTREME  OAILY  VALUES 


AV&. 

STO. 

MEDIAN 

HIGH 

,  YR 

HIGH 

DEV. 

HIGH 

48 

51 

42.1 

3.3 

43.0 

51 

70 

44  .4 

4.2 

4  4.5 

53 

66 

47.7 

3.7 

48.  0 

58 

70 

5  0.6 

4.4 

51.0 

5  9 

63 

50.7 

3.5 

50.5 

60 

70 

51.6 

4.8 

51.0 

62 

68 

52.1 

4.3 

52.5 

t-3 

c5 

53.2 

5.1 

c3.0 

cq 

64 

51.0 

6.0 

62.5 

60 

65 

1  1.2 

6.2 

■^2.0 

^9 

65 

50.3 

4.5 

51.0 

59 

66 

50.7 

5.3 

51.5 

6  0 

67 

46  .4 

4.8 

48.  0 

5  5 

63 

46.7 

6.2 

46.  0 

66 

67 

46.1 

4.4 

45.5 

51 

51 

42.5 

5.0 

42.5 

51 

67 

"2.2 

4  .9 

42.  0 

47 

63 

40  .3 

4.4 

41.5 

53 

66 

46 

.6 

3 

1 

49 

0 

60 

70 

54 

.6 

3 

1 

53 

5 

63 

5C 

55 

,q 

5 

0 

55 

0 

6  0 

65 

5  4 

.6 

3 

5 

55 

5 

60 

67 

50 

.2 

3 

6 

50 

0 
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Table  33.— Windspeed  (mi/h)  observed  at  3  p.m.  P.s.t.;  average  speed  and  frequency  distribution  by  direction 
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Finklin,  Arnold  I.  Climate  of  Priest  River  Experimental  Forest,  northern  Idaho. 
Gen.  Tech.  Rep.  INT-159.  Ogden,  UT:  U.S.  Department  of  Agriculture,  Forest 
Service,  Intermountain  Forest  and  Range  Experiment  Station;  1983.  53  p. 

Detailed  climatic  description  of  Priest  River  Experimental  Forest;  applies  to 
much  of  the  northern  Idaho  panhandle.  Covers  year-round  pattern  and  focuses 
on  the  fire  season.  Topographic  and  local  site  differences  in  climate  are  ex- 
amined; also,  climatic  trends  or  fluctuations  during  the  past  70  years.  Includes 
numerous  tables  and  graphs.  Written  particularly  for  forest  managers  and 
researchers. 


KEYWORDS:  climate,  mountain  climatology,  fire-weather,  climatic  fluctuations 


The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one  of 
eight  regional  experiment  stations  charged  with  providing  scientific 
knowledge  to  help  resource  managers  meet  human  needs  and  protect  forest 
and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana,  Idaho, 
Utah,  Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85 
percent,  of  the  land  area  in  the  Station  territory  are  classified  as  forest  and 
rangeland.  These  lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  industries;  minerals  for 
energy  and  industrial  development;  and  water  for  domestic  and  industrial 
consumption.  They  also  provide  recreation  opportunities  for  millions  of 
visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  maintained 
in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 

Provo,  Utah  (in  cooperlation  with  Brigham  Young  University) 

Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 
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RESEARCH  SUMMARY 

The  Coram  Experimental  Forest,  28  miles  (45  km) 
east  of  Kalispell,  Mont.,  and  5  miles  (8  km)  south  of 
Glacier  National  Park,  occupies  7,460  acres  (3  019  ha) 
on  the  Flathead  National  Forest.  It  was  designated  an 
experimental  forest  of  the  western  larch/Douglas-fir 
type  in  1933.  Research  was  initiated  in  the  late  1940's, 
and  it  became  a  Biosphere  Reserve  in  1976.  Weather 
data  have  been  recorded  at  18  locations  for  varying 
periods  of  time.  The  earliest  location  near  the  Forest 
was  established  at  the  Coram  Ranger  Station  in  1926. 
Data  are  still  being  obtained  at  seven  locations. 

Air  temperature,  precipitation,  and  relative  humidity 
data  have  been  collected  at  most  of  the  stations.  The 
remaining  stations  were  established  to  measure  dif- 
ferences in  soil  temperature  and  microsite  treatment. 
Several  of  the  stations  were  instrumented  to  record 
solar  and  net  irradiance,  wind,  soil  heat  flux,  evapora- 
tion, and  soil  temperature  for  various  depths.  The  lat- 
ter data  were  part  of  a  residue  utilization  study  in  the 
1970's.  Because  data  were  inadequate  for  analysis, 
relative  humidity,  soil  heat  flux,  and  evaporation  will 
not  be  presented. 

Mean  annual  temperatures  on  the  forest  range  from 
36°  to  45°  F  (2°  to  7°  C),  with  mean  summer 
temperatures  of  55°  to  62°  F  (13°  to  17°  C).  Maximum 


temperatures  seldom  exceed  100°  F  (38°  C).  Winter 
temperatures  typically  fall  below  0°  F  (-18°  C),  but 
rarely  lower  than  -20°  F  (-29°  C).  Minimum  tempera- 
tures are  dramatically  influenced  by  topographic 
features,  as  illustrated  by  differences  of  60  to  90 
frost-free  days. 

Annual  precipitation  averages  33  inches  (84  cm)  at 
lower  elevations  and  increases  to  about  40  inches  (102 
cm)  at  the  highest  elevations.  Summer  precipitation  is 
similar  at  all  locations. 

Mean  annual  soil  temperatures  at  the  20-inch 
(50.8-cm)  depth  average  from  39°  to  43°  F  (4°  to  6°  C), 
with  mean  summer  temperatures  from  50°  to  53°  F 
(10°  to  12°  C).  Litter  surface  temperatures  on 
unvegetated  clearcuts  often  reach  140°  F  (60°  C)  or 
more  for  several  hours  at  a  time. 

This  report  brings  together  weather  data  summaries 
for  most  of  the  stations  within  the  Forest.  Several  ad- 
jacent long-term  stations  are  also  included  for  com- 
parison. These  data  provide  excellent  opportunities  for 
interpreting  results  of  silvicultural  and  other  biological 
research,  particularly  in  describing  climatological 
variations  associated  with  forest  growth  and  produc- 
tivity. Topographic  features,  periods  of  record,  types  of 
data  collected,  habitat  types,  and  vegetation  condi- 
tions are  included  for  each  weather  station. 
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INTRODUCTION 

Weather— the  daily  variations  in  atmospheric 
conditions— and  climate— long-term  atmospheric 
trends— play  an  important  role  in  forested  environments 
and  attendant  biological  processes.  Weather  influences 
events  such  as  seedling  survival,  seed  crop  and  disper- 
sal, calf  elk  survival,  and  the  spread  of  diseases  and  in- 
sects; climate  influences  the  species  of  trees  present  and 
their  growth  rates.  Local  weather  and  climate  are  deter- 
mined by  regional  air  masses,  modified  by  topography. 
Man's  activities— logging,  wildfire,  and  prescribed 
burning— can  affect  the  microclimate  (conditions  close  to 
the  ground),  to  the  benefit  or  detriment  of  forest 
management. 

Weather  data  on  the  Coram  Experimental  Forest  have 
been  recorded  in  conjunction  with  several  short-term 
studies.  In  addition,  long-term  records  exist  for  several 
stations  adjacent  to  the  Forest.  The  records  are  valuable 
for  reference,  along  with  other  information,  in  explaining 
seedling  success,  stand  development,  and  other  forest 
events.  The  data  also  will  aid  in  interpreting  results  of 
current  and  future  studies  on  the  Forest  and  will  be 
useful  for  ecological  modeling.  Because  results  of  most 
studies  on  the  Forest  are  applicable  to  other  western 
larch  (Type  212)  stands,  weather  records  provide  a 
means  of  extrapolating  results  to  similar  sites.  Biological 
consequences  and  the  corresponding  environmental  con- 
ditions can  be  used  in  conjunction  with  weather  data  on 
other  sites. 

Our  objective  is  to  present  a  compendium  of  weather 
summary  tables  for  the  Coram  Experimental  Forest  and 
several  adjacent  weather  stations  in  one  document.  The 
United  Nations  Educational,  Scientific  and  Cultural 
Organization  (UNESCO)  has  recognized  the  Forest  as  a 
Biosphere  Reserve  to  be  managed  to  show  and  document 
the  effect  of  man's  activities  on  the  ecosystem  serving 
research  and  education  (Franklin  1977).  This  report 
should  be  useful  for  interpreting  results  of  silvicultural 
studies  and  other  research.  These  data  summaries  also 
provide  a  unique  opportunity  to  examine  local  weather 
variations  in  mountainous  terrain.  Habitat  types  are 
described  for  each  site.  Among  other  things,  this  will 


enable  the  reader  to  compare  variations  of  microclimates 
within  a  habitat  type. 

Because  many  of  the  weather  stations  were  operated 
only  during  the  summer  months,  or  because  of  the 
relatively  short  duration  of  the  data-taking  period,  the 
weather  summaries  presented  in  the  appendix  do  not 
lend  themselves  to  detailed  or  long-term  climatological 
studies.  Nevertheless,  the  data  are  useful  for  general 
observations  and  comparisons  within  the  Forest,  several 
of  which  are  offered  in  this  report. 

CORAM  EXPERIMENTAL  FOREST 
General  Description 

The  Coram  Experimental  Forest  (fig.  1)  is  located  off 
Highway  2  at  Martin  City,  28  miles  (45  km)  east  of 
Kalispell,  Mont.  Glacier  National  Park  is  approximately 
5  miles  (8  km)  north  of  the  northern  boundary  of  the 
Forest.  Abbott  Creek  and  its  south  fork  are  the  major 
drainages  and  are  oriented  in  a  north-south  direction  un- 
til the  main  fork  reaches  gentler  terrain  and  approaches 
the  western  boundary  of  the  Forest.  Ridges  run  north- 
south,  with  the  eastern  boundary  a  major  ridge.  As  a 
result,  aspects  are  generally  east  or  west.  Slopes  range 
from  nearly  flat  at  the  western  edge  of  the  Forest  (3,500 
feet  [1  067  m])  to  steep  (60  to  70  percent)  along  upper 
Abbott  Creek  and  the  ridge  up  to  the  eastern  boundary. 
The  highest  point  is  Desert  Mountain  at  6,370  feet 
(1941  m). 

Timber  stands  are  primarily  even-aged  western  larch 
(Larix  occidentalis  Nutt.)  and  Douglas-fir  (Pseudotsuga 
menziesii  var.  glauca  [Beissn.]  Franco),  with  two-thirds 
being  mature.  The  stands  are  intermediate  in  productive 
capacity;  mature  stands  contain  15,000  to  25,000  board 
feet  per  acre.  Habitat  types  include  Pseudotsuga  men- 
ziesii/Physocarpus  malvaceus-Physocarpus  malvaceus 
phase;  Tsuga  heterophylla/Clintonia  uniflora-Aralia 
nudicaulis  phase;  Abies  lasiocarpa/Oplopanax  horridum; 
Abies  lasiocarpa/Clintonia  uniflora-Clintonia  uniflora 
phase;  Abies  lasiocarpa/Clintonia  uniflora-Aralia 
nudicaulis  phase;  Abies  lasiocarpa/Clintonia  uniflora- 
Xerophyllum  tenax  phase;  and  Abies  lasiocarpa/ 
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Figure  1.— Coram  Experimental  Forest,  showing  locations  of  climatic  sites  on 
the  forest  and  adjacent  long-term  sites. 


Clintonia  uniflora-Menziesia  ferruginea  phase  (Pfister 
and  others  1977). 

Soils  are  typical  of  those  in  the  Northern  Rockies,  be- 
ing derived  from  argillite  and  quartzite  with  glacial  out- 
wash  and  till  deposited  on  the  lower  areas.  Klages  and 
others  (1976)  described  the  soils  of  the  Forest. 

Weather  Stations 

Within  the  Forest,  and  at  the  Coram  Ranger  Station, 
13  of  the  18  sites  (numbers  1-13,  fig.  1)  have  recorded 
air  temperature,  relative  humidity,  and-precipitation.  Un- 
fortunately these  stations  were  not  all  running  concur- 
rently, which  makes  it  difficult  to  compare  sites  (table 
1).  Some  of  these  (3-8,  fig.  1,  and  table  1)  operated  dur- 
ing different  silvicultural  studies  at  different  times.  The 
others  (9-13,  fig.  1)  were  operated  during  a  residue 
utilization  and  harvesting  study  conducted  1974-81. 
These  are  termed  the  residue  utilization  study  sites  (also 
include  numbers  14-18). 

Soil  temperature  was  measured  for  varying  periods 
and  microsites  at  stations  10-17.  Solar  and  net  irra- 
diance,  wind,  evaporation,  and  soil  heat  flux  were 
measured  at  10-13  and  solar  irradiance  at  9.  Precipita- 
tion was  also  recorded  on  a  year-round  basis  at  14.  For 
several  years  precipitation  was  measured  using  rain  cans 
at  numerous  locations  around  the  residue  utilization 
study  sites.  These  data  are  not  included  in  this  report, 
but  are  available  on  request. 

Coram  Ranger  Station  and  Desert  Mountain  Lookout, 
representing  the  lowest  to  highest  elevations  (fig.  1),  pro- 
vide long-term  records  for  portions  of  the  year.  Coram 
Ranger  Station  was  discontinued  in  1957  prior  to  most 
research  on  the  Forest;  Desert  Mountain  Lookout  was 


terminated  in  1973.  Fire  weather  data  are  now  measured 
at  the  Hungry  Horse  Ranger  Station  (3  miles  [5  km] 
west  of  the  Forest)  and  at  Firefighter  Mountain  (5  miles 
[8  km]  southeast  of  the  Forest)  but  these  data  are  not 
presented.  A  Soil  Conservation  Service  snow  measure- 
ment site  is  located  about  Wi  miles  (2  km)  east  of 
Desert  Mountain  and  records  air  temperature,  precipita- 
tion, and  snow  depth,  but  we  have  not  included  SCS 
data  in  this  report. 

Long-term  climatic  data  summaries  for  West  Glacier 
and  Hungry  Horse  Dam  are  presented.  Both  of  these 
stations  are  considered  to  represent  weather  in  the  ma- 
jor valley  bottoms.  West  Glacier  is  located  5  miles  (8 
km)  north;  Hungry  Horse  Dam,  1  mile  (1.6  km)  south  of 
the  Forest  (fig.  1). 

Original  records,  summaries,  or  computer  data  bases 
are  available  at  the  Forestry  Sciences  Laboratory, 
Missoula,  for  all  the  weather  stations  shown  in  figure  1. 

Instrumentation 

Climatic  stations  on  the  Forest  using  Cotton  region 
shelters  were  fitted  with  hygrothermographs  for  measur- 
ing air  temperature  and  relative  humidity.  In  1978  these 
instruments  at  stations  10,  12,  and  13  were  replaced  by 
thermistor  sensors  attached  to  a  cassette  tape  data  ac- 
quisition system.  Calibration  procedures  for  temperature 
gave  us  accuracies  of  ±2°  F  (1°  C).  Precipitation  has 
been  measured  with  standard  rain  gages,  weighing 
gages,  or  tipping  bucket  gages.  The  Hungry  Horse  Dam 
and  West  Glacier  stations  used  maximum  and  minimum 
thermometers  for  measuring  air  temperature,  sling 
psychrometer  readings  for  relative  humidity,  and  stan- 
dard rain  gages  for  precipitation.  Solar  irradiance 


Table  1.— Weather  station  periods  of  record  and  type  of  data  collected 


Station 

Length 

Period 

Data 

1 

Desert  Mountain  Lookout 

1936-73 

July-Aug. 

T,RH,P,W,C 

2 

Coram  Ranger  Station 

1934-57 

May-Oct. 

T,RH,P,W,C 

3 

Abbott  Basin  South 

1958-64 

May-Oct. 

T,RH,P 

4 

Abbott  Basin  North 

1958-60 

May-Oct. 

T,RH,P 

5 

Wartime  Cuttings 

1961-64 

May-Oct. 

T,RH,P 

6 

Spacing  Study 

1968-82 

May-Oct. 

T,RH,P 

7 

60-Acre  Clearcut 

1971-80 

May-Oct. 

T,RH,P 

8 

30-Acre  Clearcut 

1981 

May-Oct. 

T,RH,P 

9 

Abbott  Creek 

1974-77 

Jan. -Dec. 

T,RH,S 

10 

Group  Selection 

1975-81 

Jan. -Dec. 

T,RH,P,S,NR,W,E,HF,ST 

11 

Uncut 

1974-78 

Jan. -Dec. 

T,RH,P,S,NR,W,E,HF,ST 

12 

Shelterwood 

1975-81 

Jan. -Dec. 

T,RH,P,S,NR,W,E,HF,ST 

13 

Clearcut 

1974-81 

Jan. -Dec. 

T,RH,P,S,NR,W,E,HF,ST 

14 

Abbott  Creek  Snow  Gage 

1974-78 

Jan. -Dec. 

P 

15 

Clearcut  Soil  Temperature 

1975-81 

Jan. -Dec. 

ST 

16 

Uncut  Block  24 

1975-77 

Jan. -Dec. 

ST 

17 

Clearcut  Block  13 

1978-81 

Jan. -Dec. 

ST 

18 

Flume 

1975-82 

Jan. -Dec. 

H20,WT 

T 

=  air  temperature 

NF 

=  net  irradiance 

RH 

=  relative  humidity 

E 

=  evaporation 

P 

=  precipitation 

HF 

=  soil  heat  flux 

W 

=  wind 

ST 

=  soil  temperature 

c 

=  clouds 

H2 

0   =  water  flow 

s 

=  solar  irradiance 

WI 

=  water  temperature 

measurements  were  made  with  mechanical  pyranographs 
and  LICOR  pyranometers.  Net  irradiance  was  measured 
using  Funk-type  radiometers  attached  to  30-day  chart 
recorders  or  the  data  acquisition  system. 

Wind  run  and  azimuth  (stations  10-13)  were  measured 
with  a  cup  anemometer  and  vane  at  10  feet  (3  m)  above 
the  ground  attached  to  30-day  chart  recorders.  Wind 
was  measured  at  20  feet  (6  m)  at  Coram  Ranger  Station, 
Desert  Mountain,  Hungry  Horse  Dam,  and  West 
Glacier.  Soil  temperature  was  measured  with  mercury 
sensors  attached  to  30-day  charts  or  thermistors  wired 
to  the  data  acquisition  system.  Heat  flux  was  measured 
using  a  double-sided  thermopile  unit  attached  to  a 
30-day  chart  recorder. 

We  have  not  included  relative  humidity  summaries  in 
this  report  because  of  difficulties  calibrating  hygrother- 
mographs  among  climatic  stations  on  the  Forest.  Data 
are  not  consistent  enough  to  provide  reliable  summaries. 

INDIVIDUAL  WEATHER  STATION 
HISTORIES 

Desert  Mountain  Lookout 

This  station  (1,  fig.  1)  was  in  operation  from  1936  to 
1973,  with  air  temperature  and  relative  humidity  data 
being  recorded  from  the  time  the  lookout  was  manned, 
generally  in  June,  to  sometime  in  September  when  it 
was  closed  for  the  year.  As  a  result,  we  were  able  to  ob- 
tain complete  monthly  data  only  for  July  and  August 
(appendix  table  16). '  Long-term  averages  cover  the  entire 
38-year  period.  The  station  was  located  approximately 
300  feet  (91  m)  south  of  the  lookout  on  the  crest  of  the 
ridge  at  an  elevation  of  6,370  feet  (1  941  m).  The  area 
surrounding  the  station  was  open,  with  the  nearest  trees 
100  feet  (30  m)  away.  Habitat  type  is  Abies  lasiocarpaJ 
Clintonia  uniflora-Xerophyllum  tenax  phase. 


Figure  2.— Abbott  Basin  north  station  in 
clearcut  as  it  appeared  in  1958. 


Coram  Ranger  Station 

This  station  (2,  fig.  1)  measured  humidity  and 
precipitation,  beginning  in  1926,  and  was  maintained 
through  1957  when  the  Ranger  Station  was  moved  to  its 
current  location  in  Hungry  Horse.  Air  temperature 
readings  were  started  in  1934.  In  this  report,  monthly 
summaries  and  long-term  averages  of  temperature  and 
precipitation  cover  the  24-year  period  from  1934  to  1957 
(appendix  tables  14  and  15).  This  station  was  usually 
operated  between  late  April  and  October.  It  was  located 
in  the  open  at  the  Ranger  Station  headquarters  at  an 
elevation  of  3,200  feet  (975  m).  Habitat  type  for  sur- 
rounding forested  areas  is  Abies  lasiocarpa/Clintonia 
uniflora-Aralia  nudicaulis  phase. 

Abbott  Basin  South 

This  station  (3,  fig.  1)  was  established  in  1958  in  a 
2-year-old  125-acre  (50.5-ha)  seed  tree  cutting  and  main- 
tained from  late  April  to  early  November  each  year 
through  1964.  The  station  was  located  at  the  toe  of  a 
steep  south-facing  slope  (70  percent)  on  a  20-percent 


Figure  3.— Spacing  study  station  in  thinned 
larch  stand  as  it  appeared  in  1972. 

slope.  Elevation  was  approximately  4,250  feet  (1  295  m). 
Air  temperature  and  precipitation  were  measured  and 
are  included  in  this  report  (appendix  table  11).  Relative 
humidity  was  recorded,  but  is  not  presented.  Habitat 
type  at  this  location  is  Abies  lasiocarpa/Clintonia 
uniflora-Xerophyllum  tenax  phase. 

Abbott  Basin  North 

This  station  (4,  fig.  1)  was  established  in  1958  in  a 
2-year-old  125-acre  (50.5-ha)  seed  tree  cutting  and  main- 
tained from  late  April  to  early  November  each  year 
through  1960.  The  station  was  located  (fig.  2)  at  the  toe 
of  a  steep  north-facing  slope  (60  percent)  on  a  10-percent 
slope.  Elevation  was  approximately  4,250  feet  (1  295  m). 
Air  temperature,  relative  humidity,  and  precipitation 
were  measured,  but  only  air  temperature  and  precipita- 
tion are  summarized  here  (appendix  table  11).  Habitat 
type  at  this  location  is  Abies  lasiocarpa/Clintonia 
uniflora-Clintonia  uniflora  phase. 


'Data  summaries  were  obtained  from  Arnold  Finklin,  meteorologist  at 
the  Northern  Forest  Fire  Lab,  Missoula,  Mont. 


Wartime  Cuttings 

This  station  (5,  fig.  1)  was  started  in  1961  and  used 
through  1964,  being  maintained  from  May  through  Oc- 
tober each  year.  It  was  located  within  a  1,300-acre 
(526-ha)  seed  tree  cutting  completed  during  World  War 
II.  The  five  seed  trees  per  acre  (12  per  ha)  were  removed 
by  1960.  Slope  is  5  to  10  percent,  with  a  western  aspect 
on  a  small  ridge  at  3,500  feet  (1  067  m).  Air 
temperature,  relative  humidity,  and  precipitation 
measurements  were  taken.  Air  temperature  and 
precipitation  are  presented  in  this  report  (appendix  table 
12).  Habitat  type  at  this  location  is  Abies  lasio- 
carpa/Clintonia  uniflora-Xerophyllum  tenax  phase. 

Spacing  Study 

This  station  (6,  fig.  1)  was  established  in  1968  in  a 
15-year-old  thinned  larch  stand  that  had  an  average  tree 
height  of  15  feet  (4.6  m).  Trees  were  thinned  to  a  7-  by 
7-foot  (2.1-  by  2.1-m)  spacing  and  have  been  maintained 
at  that  spacing.  The  instruments  have  been  maintained 
from  late  April  to  October  each  year  through  the  pres- 
ent. The  site  (fig.  3)  is  a  northwest-facing  20-percent 
slope  at  an  elevation  of  3,900  feet  (1  189  m).  In  1977, 
the  instruments  were  moved  about  60  feet  (18  m)  west 
to  a  more  typical  opening.  Topographic  features  for  the 
new  location  are  the  same.  Air  temperature  and 
precipitation  are  summarized  in  this  report  (appendix 
tables  9  and  10).  Relative  humidity  was  recorded  but  is 
not  presented.  Habitat  type  for  this  site  is  Abies 
lasiocarpa/Clintonia  uniflora-Aralia  nudicaulis  phase. 

60-Acre  Clearcut 

This  station  (7,  fig.  1)  was  established  in  1971  and 
used  through  1980,  but  data  for  1979  are  not  complete. 
The  station  was  generally  maintained  from  late  April 
through  October.  The  location  was  in  a  60-acre  (24-ha) 
clearcut  within  a  regenerated  18-year-old  larch  stand 
which  had  been  thinned  to  a  12-  by  12-foot  (3.7-  by 
3.7-m)  spacing  at  the  time  of  instrumentation.  In- 
struments were  located  in  a  broad  draw  bottom  on  a 
north-facing  20-percent  slope  at  4,150  feet  (1  265  m) 
elevation.  Air  temperature  is  given  in  this  report  (appen- 
dix table  13).  Relative  humidity  and  precipitation  data 
were  recorded  but  are  not  presented.  Habitat  type  for 
this  site  is  Abies  lasiocarpa/Clintonia  uniflora-Aralia 
nudicaulis  phase. 

30-Acre  Clearcut 

This  station  (8,  fig.  1)  was  established  in  1981  and 
used  only  1  year.  The  location  was  a  north-facing 
20-percent  slope  in  a  28-year-old  thinned  larch  stand  at 
3,900  feet  (1  189  m)  elevation.  The  stand  was  thinned  to 
a  13-  by  13-foot  (4.0-  by  4.0-m)  spacing  in  1961.  Air 
temperature,  relative  humidity,  and  precipitation 
measurements  were  collected  from  May  through  October. 
Only  air  temperature  is  summarized  here  (appendix  table 
13).  Habitat  type  for  this  site  is  Abies  lasiocarpa/Clin- 
tonia uniflora-Aralia  nudicaulis  phase. 


Figure  4.— Abbott  Creek  station  in  old  clear- 
cut  as  it  appeared  in  1974.  Abbott  Basin 
south  and  north  stations  were  located  in  the 
background. 

Abbott  Creek 

This  station  (9,  fig.  1)  was  established  in  1974  in  a 
16-year-old  125-acre  (50.5-ha)  group  seed  tree  cutting 
unit  and  maintained  12  months  of  the  year  until 
mid- 1977.  Instruments  were  located  (fig.  4)  on  a 
5-percent  west-facing  slope  at  3,950  feet  (1  204  m)  eleva- 
tion on  a  bench  about  20  feet  (6  m)  above  the  creek.  The 
area  surrounding  the  station  was  open,  with  shrubs  4  to 
5  feet  (1.2  to  1.5  m)  tall  and  young  birch  10  to  15  feet 
(3.0  to  4.6  m)  tall.  Air  temperature  and  solar  irradiance 
data  are  summarized  in  this  report  (appendix  tables  3-7, 
19-20).  Relative  humidity  was  recorded  but  not 
presented.  Habitat  type  at  this  location  is  Abies 
lasiocarpa/Clintonia  uniflora-Clintonia  uniflora  phase. 

Group  Selection 

This  station  (10,  fig.  1)  was  established  in  1975  and 
maintained  12  months  of  the  year  through  the  present, 
with  some  lapses  due  to  instrument  failures.  The  site 
was  harvested  in  1974  and  consists  of  2-acre  (0.8-ha)  cut- 
ting units,  which  appear  to  be  larger  because  trees  be- 
tween units  were  killed  during  burning.  Instruments  are 
located  (fig.  5)  on  an  east-facing  50-percent  slope  at  an 
elevation  of  4,250  feet  (1  295  m)  in  the  middle  of  a  cut- 
ting unit  300  vertical  feet  (91  m)  above  Abbott  Creek. 
Habitat  type  at  this  station  is  Abies  lasiocarpa/Clintonia 
uniflora-Clintonia  uniflora  phase.  In  addition  to  the  usual 
measurements  (air  temperature,  relative  humidity,  and 
precipitation),  soil  heat  flux,  wind  run  and  azimuth  (at 
10  feet  [3  m]),  solar  and  net  irradiance,  evaporation,  and 
soil  temperature  (1-,  10-,  20-inch  [2.5-,  25.4-,  50.8-cm] 
depths)  were  recorded.  Chart-type  recorders  were  re- 
placed in  1978  by  a  data  acquisition  system  that  records 
soil  and  air  temperature  at  hourly  intervals  and  gives  in- 
tegrated readings  of  precipitation  and  solar  irradiance. 
Data  for  soil  heat  flux,  humidity,  and  evaporation  are 
not  presented  here.  All  other  summaries  are  given  (ap- 
pendix tables  3-8,  19-21,  25-29). 


Figure  5.— Group  selection  station  as  it  ap- 
peared in  1975  before  broadcast  burning.  Ab- 
bott Basin  is  visible  below. 


Figure  6.— Uncut  station  as  it  appeared  in 
1975. 


Uncut 

This  station  (11,  fig.  1)  was  established  in  1973  and 
maintained  year-round  through  July  1978.  The  station 
was  moved  (fig.  6)  about  660  feet  (201  m)  in  1974 
because  cutting  on  the  group  selection  units  altered  the 
site  too  much.  Both  sites  were  located  in  mature  timber 
stands  on  60-percent  slopes  at  an  elevation  of  4,450  feet 
(1  356  m),  400  vertical  feet  (122  m)  above  Abbott  Creek. 
The  first  site  faced  southeast;  the  second  faced  east. 
Data  represent  conditions  under  the  canopy  in  an  Abies 
lasiocarpa/Clintonia  uniflora-Clintonia  uniflora  habitat 
type.  Solar  and  net  irradiance,  soil  heat  flux,  wind  run 
and  azimuth,  evaporation,  and  soil  temperature  (1-,  10-, 
20-inch  [2.5-,  25.4-,  50.8-cm]  depths)  were  measured,  in 
addition  to  air  temperature,  relative  humidity,  and 
precipitation.  Chart-type  recorders  were  used  to  collect 
all  data  at  this  station.  Data  for  all  except  soil  heat  flux, 
relative  humidity,  and  evaporation  are  summarized  in 
this  report  (appendix  tables  3-8,  19-21,  25-29). 


Figure  7.— Clearcut  station  as  it  appeared  in 
1975  before  broadcast  burning. 

Shelterwood 

This  station  (12,  fig.  1)  was  established  in  1975  and 
maintained  12  months  of  the  year  through  the  present, 
with  some  lapses  due  to  equipment  failure.  The  site  was 
harvested  in  1974  with  50  percent  of  the  stand  volume 
removed.  Residue  and  remaining  understory  were  burned 
in  1975  where  our  station  is  located.  Residual  stocking  is 
65  per  acre  (161  per  ha),  with  mature  larch,  100  to  120 
feet  (30  to  37  m)  tall,  near  the  station.  Instruments  were 
located  on  a  50-percent  east-facing  slope  at  4,900  feet 
(I  494  m),  800  verticle  feet  (244  m)  above  Abbott  Creek. 
Habitat  type  at  this  station  is  Abies  lasiocarpa/Clintonia 
uniflora-Xerophyllum  tenax  phase.  In  addition  to  air 
temperature,  relative  humidity,  and  precipitation,  the 
following  factors  were  measured:  solar  and  net  irra- 
diance, soil  heat  flux,  wind  run  and  azimuth,  evapora- 
tion, and  soil  temperature  (1-,  10-,  20-inch  [2.5-,  25.4-, 
50.8-cm]  depths).  Chart-type  instruments  were  removed 
in  1978,  with  air  and  soil  temperature  being  added  to  a 
data  acquisition  system.  Data  for  all  but  soil  heat  flux, 
relative  humidity,  and  evaporation  are  given  here  (appen- 
dix tables  3-8,  19-21,  25-29). 

Clearcut 

This  station  (13,  fig.  1)  was  started  in  the  fall  of  1973 
before  harvesting  and  has  been  maintained  year-round 
through  the  present.  Data  from  October  1973  through 
July  1974  represent  the  preharvest  condition  of  a  mature 
stand.  Seventeen  acres  (6.9  ha)  were  clearcut  in  October 
1974  and  a  portion  was  broadcast  burned  in  1975  where 
our  station  is  located.  Instruments  were  placed  near  the 
center  of  the  clearcut  (fig.  7)  on  an  80-percent  east-facing 
aspect  at  an  elevation  of  5,200  feet  (1  585  m),  600  ver- 
tical feet  (183  m)  above  Abbott  Creek.  Habitat  type  at 
the  station  is  Abies  lasiocarpa/Clintonia  uniflora- 
Xerophyllum  tenax  phase.  In  addition  to  the  usual 
measurements  (air  temperature,  relative  humidity,  and 
precipitation),  soil  heat  flux,  wind  run  and  azimuth,  solar 
and  net  irradiance,  evaporation,  and  soil  temperature 
(1-.  10-,  20-inch  [2.5-,  25.4-,  50.8cm]  depths)  data 


were  collected.  Chart-type  instruments  were  removed  in 
1978  and  replaced  with  a  data  acquisition  system  recording 
air  and  soil  temperature  at  hourly  intervals  and  pro- 
viding integrated  readings  of  precipitation  and  solar  irra- 
diance.  All  but  soil  heat  flux,  relative  humidity,  and 
evaporation  are  summarized  in  this  report  (appendix 
tables  3-8,  19-21,  25-29). 

Abbott  Creek  Snow  Gage 

This  site  (14,  fig.  1),  established  in  January  1974,  was 
equipped  with  a  propane-heated  snow  gage.  This  gage 
was  maintained  12  months  of  the  year  through  1978  for 
measuring  total  precipitation.  The  site  was  about  660 
feet  (201  m)  up  the  creek  from  the  Abbott  Creek  station. 
The  measuring  device  of  the  snow  gage  was  a  tipping 
bucket  attached  to  a  long-term  chart  recorder.  These 
data  are  summarized  along  with  other  precipitation  data 
(appendix  table  8). 

Clearcut  Soil  Temperature 

These  sites  (15,  fig.  1)  were  set  up  in  1975  to  measure 
soil  and  residue  temperatures  on  conventionally  logged 
and  burned  units,  and  on  intensively  utilized  but  un- 
burned  units  within  the  clearcut.  Microsite  temperatures 
for  litter  surface,  decayed  wood,  duff-soil  interface,  as 
well  as  the  top,  center,  and  under  surfaces  of  residue, 
were  measured  periodically  through  1977.  In  1978, 
temperatures  for  litter  surface  and  decayed  wood  were 
added  to  the  continuous  data  acquisition  system  and 
have  been  recorded  hourly  through  the  present  time. 
Sensors  (thermistors)  for  both  sites  within  the  clearcut 
were  on  60-percent  east-facing  slopes  at  5,250  feet 
(1  600  m).  Habitat  type  is  Abies  lasiocarpa/Clintonia 
uniflora-Xerophyllum  tenax  phase.  Litter  surface 
temperatures  are  summarized  in  this  report  (appendix 
tables  22-24). 

Uncut  Block  24 

This  site  (16,  fig.  1)  was  established  in  an  uncut  unit 
in  1975  to  serve  as  a  control  in  the  study  of  soil 
temperatures  in  clearcuts.  Microsites  were  similar  to  site 
15,  but  the  habitat  type  is  Abies  lasiocarpa/Clintonia 
uniflora-Menziesia  ferruginea  phase.  Data  from  this  site 
were  not  added  to  the  continuous  data  acquisition 
system,  so  this  site  was  not  used  after  June  1977.  Sen- 
sors were  located  on  a  30-percent  east-facing  slope  at 
5,400  feet  (1  646  m).  Litter  surface  temperatures  are 
presented  (appendix  tables  22-24). 

Clearcut  Block  13 

This  site  (17,  fig.  1)  was  established  in  1978  when  the 
continuous  data  acquisition  system  was  installed.  Litter 
surface  temperature  and  decayed  wood  temperatures 
were  recorded  hourly  through  the  present  time  for  a 
burned,  conventially  utilized  unit  and  an  unburned,  in- 
tensively utilized  unit  within  the  13.6-acre  (5.5-ha)  clear- 
cut  logged  in  1974.  Both  sites  are  on  northeast-facing, 
50-percent  slopes  at  4,250  feet  (1  295  m)  elevation. 
Thermistors  are  used  as  temperature  sensors.  Habitat 
type  for  the  unburned  unit  is  Abies  lasiocarpa/Clintonia 


uniflora-Aralia  nudicaulis  phase,  while  the  burned  unit  is 
Tsuga  heterophylla/Clintonia  uniflora-Aralia  nudicaulis 
phase.  Litter  surface  temperatures  for  this  unit  are 
presented  (appendix  tables  22-24). 

Flume 

This  site  (18,  fig.  1)  was  established  in  1975  to  monitor 
streamflow  and  water  temperature  on  Abbott  Creek.  An 
H-flume  with  a  stilling  well  and  a  chart  recorder 
measures  water  level  and  temperature.  Records  are  main- 
tained currently  but  are  not  summarized  in  this  report. 
Location  is  such  that  runoff  from  all  utilization  study 
cutting  units  empties  into  Abbott  Creek  above  this 
flume.  Habitat  type  for  this  site  is  Tsuga 
heterophylla/Clintonia  uniflora-Aralia  nudicaulis  phase. 

OBSERVATIONS  OF  CLIMATE  AND 
TOPOGRAPHIC  INFLUENCES 
Air  Temperature 

Mean  annual  air  temperatures  for  the  Coram  Ex- 
perimental Forest  and  adjacent  locations  range  from  36° 
to  45°  F  (2°  to  8°  C)  (appendix  tables  2-3).  Long-term 
average  for  Hungry  Horse  Dam  is  43.0°  F  (6.1°  C)  as 
compared  to  41.8°  F  (5.4°  C)  for  West  Glacier  (table  2). 
The  lowest  mean  annual  temperatures  (36°  to  39°  F  [2° 
to  4°  C])  were  recorded  at  Abbott  Creek  for  the  years 
1974-77  (appendix  table  3)  and  are  probably  represent- 
ative of  other  nearby  drainages.  Stations  such  as  the  un- 
cut site  and  group  selection  site,  with  means  of  40°  to 
45°  F  (4°  to  7°  C),  are  probably  representative  of  many 
slopes  on  the  Forest. 

Mean  summer  temperatures  range  from  55°  to  62°  F 
(13°  to  17°  C)  (table  2  and  appendix  table  3),  with 
long-term  summer  averages  of  60.9°  F  (16.0°  C)  for 
Hungry  Horse  Dam  and  58.6°  F  (14.8°  C)  for  West 
Glacier.  Mean  summer  temperatures  decrease  with  eleva- 
tion and  changes  in  exposure  toward  the  north.  Souther- 
ly aspects  would  likely  have  means  of  63°  to  66°  F  (17° 
to  19°  C).  Recent  measurements  (data  on  file  at  Forestry 
Sciences  Lab,  Missoula)  on  other  sites  comparing  north 
slopes  with  south  slopes  indicate  daytime  summer 
temperatures  are  3°  to  7°  F  (2°  to  4°  C)  warmer  on 
some  south  aspects. 

Maximum  air  temperature  on  the  Forest  may  exceed 
100°  F  (38°  C)  at  lower  elevations,  but  rarely  at  the  up- 
per elevations.  Maximums  for  any  given  year  on  the  Ab- 
bott Basin  sites  (appendix  table  6)  quite  often  do  not  ex- 
ceed 90°  F  (32°  C)  within  a  summer.  Winters  are  cold 
(appendix  table  7)  and  most  winters  have  short  periods 
of  subzero  temperatures.  These  typically  last  only  a  few 
days  at  a  time. 

During  the  growing  season,  maximum  temperatures 
are  generally  higher  at  lower  elevations  but  minimum 
temperatures  are  higher  on  the  slopes.  Average 
temperatures  along  the  elevation  gradient  on  the  slopes 
follow  the  expected  pattern,  decreasing  with  an  increase 
in  elevation  from  the  valley  floor.  Mean  monthly  max- 
imum temperatures  follow  this  trend  also  (fig.  8),  but  the 
situation  is  reversed  for  mean  minimum  temperatures 
(fig.  9).  Differences  for  maximum  temperatures  between 


the  clearcut  and  the  valley  floor  at  Hungry  Horse  Dam 
are  5°  to  10°  F  (3°  to  6°  C)  from  April  through 
September  (fig.  8).  The  clearcut  at  1,840  feet  (561  m) 
above  Hungry  Horse  Dam  is  the  highest  elevational 
slope  site.  Maximum  temperatures  for  other  slope  sites 
in  between  decreased  with  elevation.  Even  the  local 
drainage  bottom  station  (Abbott  Creek)  fits  this  pattern. 
Comparisons  of  long-term  monthly  average  maximums 
revealed  the  same  pattern,  with  Coram  Ranger  Station 
having  the  highest  average  maximum  and  Desert  Moun- 
tain Lookout  the  lowest. 

Minimum  temperatures  at  Abbott  Creek  were  coldest 
and  the  higher  slope  positions  were  warmest  by  5°  to 
10°  F  (3°  to  6°  C)  (fig.  9),  especially  from  August 
through  December.  Hungry  Horse  Dam  was  not  as  cold 
as  Abbott  Creek.  The  same  basic  pattern  occurs  for  the 
long-term  average  minimum  temperatures,  with  Coram 
Ranger  Station  being  coldest  and  Desert  Mountain 
Lookout  minimums  as  warm  as  Hungry  Horse  Dam  and 
warmer  than  West  Glacier. 

Frost-Free  Days. 

The  frost-free  period  (number  of  days  between  occur- 
rences of  32°  F  [0°  C])  for  the  clearcut  on  the  slope  is  89 
days  longer  than  for  nearby  Abbott  Creek,  and  60  days 
longer  than  at  West  Glacier  (fig.  10).  These  data  are  for 
the  year  1976,  but  data  are  similar  in  other  years.  Ab- 
bott Creek  has  the  shortest  frost-free  season  of  any  sta- 
tion we  have  data  for  on  or  near  the  Forest.  This  site  is 


probably  representative  of  other  drainages  on  the 
Forest.  There  is  apparently  little  difference  (15  to  18 
days,  fig.  10)  for  sites  with  different  positions  on  the 
same  slope.  Silvicultural  treatment  appeared  to  have 
little  influence.  Differences  of  60  to  89  days  in  length  of 
frost-free  season  may  significantly  affect  biological 
systems  and  plant  growth.  These  differences  also  il- 
lustrate the  difficulty  of  extrapolating  weather  data 
from  valley  bottoms  to  nearby  mountain  slopes,  especial- 
ly during  the  spring  and  fall. 

Precipitation 

Annual  precipitation  averages  34  inches  (86  cm)  at 
Hungry  Horse  Dam  and  30  inches  (76  cm)  at  West 
Glacier  (table  2).  These  ave/ages  are  typical  of  luwer 
elevations  of  the  Forest.  Snow  survey  data  suggest  40 
inches  (102  cm)  of  precipitation  at  Desert  Mountain 
Lookout  and  other  ridges  within  the  Forest.  Increased 
precipitation  is  received  in  the  form  of  snow  in  the 
winter  months  (November-March).  Precipitation  for  Ab- 
bott Creek  (appendix  table  8)  should  be  higher  than 
recorded.  The  heated  snow  gage  caused  evaporation  and 
thus  artificially  low  readings.  We  estimate  that  amounts 
for  November,  December,  January,  February,  and  March 
should  be  2  to  2.5  times  greater  than  shown. 

During  the  growing  season  precipitation  seems  to  fall 
uniformly  on  the  Forest  (appendix  tables  8,  10,  17-18). 
Amounts  for  Abbott  Basin  stations  (appendix  table  8) 
and  amounts  at  Hungry  Horse  Dam  for  the  same  years 


Table  2.— Long-term  averages  of  air  temperature  and  precipitation 


Station1 


Jan.    Feb.    Mar.    Apr.     May    June    July    Aug.   Sept.    Oct.    Nov.    Dec.    Annual 


Hungry  Horse  Dam2  22 

Coram  RS3 

Desert  ML  LO4 

West  Glacier5  21 


Mean  Monthly  Air  Temperature  (°F) 

28        32        41        51        58        65        64 

56        63        61 

59        59 

27        31        41        50        57        63        62 


54 
54 


43        32 


26 


53        42        31        25 


43 


42 


Hungry  Horse  Dam 
Coram  RS 
Desert  Mt.  LO 
West  Glacier 


Mean  Monthly  Maximum  Air  Temperature  (°F) 
28        35        41        51        63        71        80        78        66        53        38        32  53 

71        83        82        72 
70        69 
28        35        41        52        64        71        80        78        66        53        37        31  53 


Hungry  Horse  Dam 
Coram  RS 
Desert  Mt.  LO 
West  Glacier 


Mean  Monthly  Minimum  Air  Temperature  (°F) 
15        20        22        31        39        46        50        49        41        33        26        20  33 

41         43        41         36 
49        49 
14        19        22        29        36        43        47        46        39        32        24        19  31 


Hungry  Horse  Dam2 
Coram  RS3 
Desert  Mt.  LO4 
West  Glacier5 


Precipitation  Averages  (inches) 
3.83     2.66     2.20     2.13     2.74     3.19     1.61     2.20     2.56     3.00     3.56     3.82      33.50 

2.66     1.36     1.39     1.54 
1.25     1.36 
3.61     2.61     1.78     1.79     2.57     3.24     1.61     1.87     2.14     2.18     2.98     3.54      29.92 


1RS  =  Ranger  Station;  LO  =  Lookout. 

21951-80.  Averages  based  on  readings  for  24-h  period  taken  at  8  a.m.  1951-53;  8  p.m.  1953-66;  9  a.m.  1967-80. 
31934-57.  Averages  based  on  readings  for  24-h  period  taken  at  5:30  p.m.  1935-45;  5  p.m.  1946-48;  4  p.m.  1949-57. 
41936-73.  Averages  based  on  readings  for  24-h  period  taken  at  5  p.m.  prior  to  1950  and  4  p.m.  after  1950. 
51951-80.  Averages  based  on  readings  for  24-h  period  taken  at  5  p.m. 


(appendix  table  17)  are  quite  similar.  Precipitation  pat- 
terns may  differ  by  storm  or  for  individual  months; 
however,  precipitation  differences  balance  out  over  a 
season  or  over  several  years.  Long-term  averages  (table 
2)  for  Desert  Mountain  Lookout  in  July  and  August  are 
less  than  for  Hungry  Horse  Dam  and  West  Glacier. 
Some  of  this  difference  may  be  attributed  to  using  dif- 
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ferent  periods  for  calculating  the  averages.  Further,  the 
amounts  at  Desert  Mountain  were  incomplete  in  many 
years  (footnotes,  appendix  table  16).  Another  influence  is 
the  greater  exposure  to  wind,  which  affects  gage  catch 
(Hayes  1944).  A  stricter  comparison,  using  only  those 
days  with  measurements  at  both  stations  during  July 
and  August  1941-70,  actually  shows  about  10  percent 
more  precipitation  at  Desert  Mountain  than  at  West 
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SPACING  STUDY 
ABBOTT  CREEK 
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Figure  8.  — Mean  maximum  monthly  air 
temperatures  for  valley  bottom  station 
(Hungry  Horse  Dam),  mid-slope  stations 
(clearcut  and  spacing  study),  and  local 
mountain  drainage  (Abbott  Creek)  for  1976. 


Figure  9.  — Mean  minimum  monthly  air 
temperatures  for  valley  bottom  station 
(Hungry  Horse  Dam),  mid-slope  stations 
(clearcut  and  spacing  study),  and  local 
mountain  drainage  (Abbott  Creek)  for  1976. 
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Figure  10.  — Frost-free  days  for  stations  in  1976  from  Abbott  Creek  and  the 
slope  above.  West  Glacier  had  110  frost-free  days  for  the  same  period.  Frost- 
free  days  are  based  on  number  of  days  between  occurrences  of  32°  F  (0°  C). 


Glacier.  These  data  were  analyzed  by  Arnold  Finklin, 
Northern  Forest  Fire  Lab,  Missoula,  Mont. 

The  period  from  1973  through  1981,  for  which  the 
most  intensive  data  collection  occurred,  was  slightly  wet- 
ter (0.5  inch  [1.27  cm])  than  the  30-year  normal.  Five 
years  were  wetter,  with  1980  having  6.8  inches  (17.3  cm) 
more  than  normal  and  5.6  inches  (14.2  cm)  of  this  in- 
crease were  received  from  May  through  September.  Four 
years  were  drier,  with  1979  having  6.4  inches  (16.3  cm) 
less  than  normal  and  5.4  inches  (13.7  cm)  of  this  deficit 
occurred  from  June  through  September. 

Microsite  and  Treatment  Differences 

Shortwave  solar  irradiance  was  similar  for  all  sites  in 
the  open.  Small  differences  were  caused  by  slope  position 
and  horizon  shading  by  nearby  ridges  (appendix  tables 
19-20).  The  amount  received  on  the  uncut  unit  is  25  per- 
cent of  that  received  at  the  clearcut  unit  (fig.  11)— a  dif- 
ference that  is  important  to  understory  vegetation  and 
tree  regeneration. 


MONTH 


Figure  11.  — Mean  solar  irradiance  for  uncut 
and  clearcut  stands  on  a  55-percent  east- 
facing  slope  for  1975. 


Differences  in  irradiance  translate  into  large  dif- 
ferences in  litter  surface  temperatures.  A  typical  diurnal 
comparison  (fig.  12)  for  the  clearcut  and  uncut  units 
shows  that  maximum  temperatures  on  the  clearcut  sur- 
face approach  lethal  temperatures  of  122°  to  131°  F  (50° 
to  55°  C)  for  plant  tissue  (Levitt  1980).  Minimum 
temperatures  are  also  lower  on  the  clearcut.  These 
values  are  fairly  typical  of  conditions  that  can  occur  on 
slopes  in  the  Forest  (appendix  tables  22-24).  Because 
these  values  are  from  east-facing  aspects,  we  would  ex- 
pect conditions  to  be  more  severe  on  south-  and  west- 
facing  aspects  and  less  severe  on  north  aspects.  Other 
observations  (Hungerford  1980)  indicate  that  surface 
condition,  such  as  litter  residues,  vegetation,  or  mineral 
soil,  can  significantly  affect  surface  temperatures. 

A  typical  annual  trace  of  soil  temperature  by  depth  in 
a  clearcut  that  is  partially  vegetated  shows  the  changes 
with  season  and  the  lag  of  the  maximum  by  depth  (fig. 
13).  Other  locations  (appendix  tables  25-27)  show  similar 
trends  and  values,  except  that  summer  soil  temperatures 
in  the  uncut  unit  are  typically  lower  than  in  the  cut 
unit.  Mean  annual  soil  temperatures  for  the  upper  Ab- 
bott Basin  sites  for  the  1974-78  period  at  the  20-inch 
(50.8-cm)  depth  average  39°  to  43°  F  (4°  to  6°  C)  (appen- 
dix table  27).  Mean  summer  temperature  at  the  20-inch 
(50.8-cm)  depth  averaged  50°  to  53°  F  (10°  to  12°  C). 

Wind  data  for  all  cutting  treatments  in  Abbott  Basin 
showed  the  diurnal  shift  in  wind  direction  during  the 
summer  months  (appendix  table  29).  As  should  be  ex- 
pected, winds  were  upslope  (from  the  southeast  and 
east)  during  the  day  and  downslope  (from  the  south  and 
southwest)  at  night.  This  pattern  has  significant  implica- 
tions for  seed  fall  and  distribution  (Shearer  1980).  Wind 
data,  at  10  feet  (3  m)  (appendix  table  28),  also  suggest 
that  windspeeds  are  greater  in  the  clearcut  than  the 
other  units  and  that  surface  speeds  are  greater  in  all 
cutting  units  than  in  the  uncut. 


16  20         24 

TIME  (H) 


Figure  13.  — Mean  soil  temperatures  (°F)  at 
depths  of  1,  10,  and  20  inches  in  a  clearcut 
for  1977. 


Figure  12.  — Diurnal  litter  surface 
temperatures  for  uncut  and  clearcut  stands 
on  a  55-percent  east-facing  slope. 
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APPENDIX 


Weather  Summary  Tables 


Table  3.— Mean  monthly  air  temperature  for  residue  utilization  study  sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  Selection 

1975 

45 

51 

70 

59 

53 

40 

29 

27 

41* 

1976 

27 

28 

30 

38 

47 

49 

59 

59 

58 

46 

36 

32 

43 

1977 

26 

36 

35 

47 

48 

63 

64 

63 

53 

44 

30 

24 

45 

1978 

21 

26 

34 

36 

44 

57 

63 

58 

54* 

44* 

28 

21 

41 

1979 

12 

26 

35* 

48* 

54* 

61* 

47 

30 

32 

43* 

1980 

19 

30 

31 

46 

50* 

56 

60* 

45* 

34 

31 

43* 

1981 

29 

29 

36 

48 

50* 

63* 

43* 

Uncut 

1973 

68 

55 

46 

29 

30 

44" 

1974 

19 

30 

30 

40 

44 

61 

65 

61 

54 

47 

33 

29 

43 

1975 

23 

23 

27 

37 

45 

51 

66 

56 

51 

39 

29 

26 

40 

1976 

26 

26 

27 

38 

48 

49 

59 

55 

53 

44 

32 

27 

41 

1977 

18 

30 

29 

42 

44 

64 

65 

64 

53 

41 

31 

17 

44 

1978 

22 

28 

35 

39 

44 

56 

59 

42* 

Shelterwood 

1974 

55 

48 

45 

33 

29 

41* 

1975 

26 

25 

29 

38 

44 

47 

63 

51 

50 

39 

31 

26 

41 

1976 

29 

27 

27 

38 

48 

50 

61 

57 

57 

43 

35 

29 

42 

1977 

22 

31 

30 

41 

43 

60 

62 

42* 

1978 

55 

61 

56 

51 

40 

22 

15 

41* 

1979 

7 

22 

30* 

52 

57* 

43 

25 

27 

38* 

1980 

12 

26 

25 

42 

47* 

53 

56* 

42 

29 

26 

39* 

1981 

26 

24 

32 

45 

47 

57* 

37 

33 

22 

39* 

Clearcut 

1 

1973 

39 
47 

24 
31 

25 
27 

1974 

14 

26 

26 

35 

40 

56 

57 

36 

1975 

20 

19 

24 

31 

43 

50 

65 

55 

51 

39 

28 

26 

38 

1976 

26 

25 

25 

37 

48 

50 

61 

58 

56 

43 

32 

28 

41 

1977 

20 

33 

30 

43 

45 

59 

62 

61 

51 

42 

26 

21 

42 

1978 

21 

26 

34 

37 

42 

54 

58 

55 

52 

40 

22 

15 

38 

1979 

8 

22 

32* 

45 

53 

60* 

49 

34 

34 

41* 

1980 

24 

30 

28 

42 

46* 

51 

54* 

41 

29 

26 

40* 

1981 

26 

24 

32 

44 

45 

56* 

36 

32 

21 

39* 

Abbott  Creek 

1974 

17 

23 

24 

33 

42 

59 

60 

57 

47 

39 

32 

27 

39 

1975 

21 

19 

25 

32 

42 

47 

63 

51 

44 

35 

22 

12 

36 

1976 

15 

21 

27 

36 

46 

48 

54 

53 

51 

38 

27 

29 

37 

1977 

18 

27 

29 

39 

43 

64 

65 

41* 

'Estimated  means  from  partial  records. 
1Period  before  cutting. 
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Table  4.— Mean  monthly  maximum  air  temperature  for  residue  utilization  study  sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  Selection 

1975 

55 

62 

83 

70 

66 

46 

34 

31 

49* 

1976 

32 

34 

36 

46 

58 

58 

70 

70 

70 

54 

41 

36 

50 

1977 

29 

41 

41 

58 

56 

74 

75 

73 

63 

53 

35 

29 

53 

1978 

26 

33 

44 

49 

52 

70 

76 

68 

63 

54 

33 

25 

49 

1979 

18 

32 

42* 

65 

74* 

55 

35 

37 

51* 

1980 

25 

35 

37 

56 

61* 

68 

70* 

54* 

39 

36 

52* 

1981 

32 

35 

46 

60* 

60* 

75* 

55* 

Uncut 

1973 

82 

64 

52 

32 

34 

52* 

1974 

24 

34 

36 

46 

51 

72 

74 

70 

64 

55 

37 

31 

50 

1975 

26 

28 

31 

41 

53 

59 

76 

64 

61 

44 

32 

30 

47 

1976 

30 

31 

33 

45 

58 

57 

69 

63 

62 

51 

36 

31 

48 

1977 

23 

35 

34 

49 

50 

74 

74 

72 

59 

48 

35 

20 

50 

1978 

25 

33 

41 

45 

50 

65 

69 

49* 

Shelterwood 

1974 

64 

55 

51 

36 

31 

47* 

1975 

29 

30 

33 

43 

51 

55 

73 

59 

58 

44 

35 

30 

46 

1976 

32 

31 

34 

45 

58 

58 

70 

65 

65 

49 

39 

33 

49 

1977 

26 

36 

35 

50 

51 

69 

69 

50* 

1978 

66 

72 

65 

58* 

46 

27 

19 

45* 

1979 

12 

27 

36* 

62* 

67* 

49 

28 

32 

46* 

1980 

18 

29 

31 

50 

56* 

64 

66* 

48 

33 

31 

46* 

1981 

30 

29 

40 

54 

55 

70* 

43 

37 

26 

46* 

Clearcut 

1 

1973 

44 
55 

26 
35 

27 
30 

1974 

20 

29 

30 

40 

45 

65 

65 

40 

1975 

25 

26 

30 

37 

50 

58 

75 

63 

60 

44 

32 

30 

44 

1976 

30 

30 

32 

44 

57 

58 

70 

66 

65 

51 

38 

33 

48 

1977 

25 

38 

35 

51 

53 

68 

70 

69 

58 

49 

31 

26 

49 

1978 

26 

31 

40 

44 

47 

64 

69 

64 

58 

47 

27 

20 

45 

1979 

14 

27 

38* 

61 

70* 

54 

37 

38 

45* 

1980 

29 

33 

33 

49 

54* 

60 

63* 

48 

33 

31 

47* 

1981 

30 

29 

39 

52 

52 

66* 

42 

37 

26 

45* 

Abbott  Creek 

1974 

23 

31 

34 

44 

53 

75 

77 

74 

68 

59 

38 

32 

51 

1975 

28 

28 

34 

44 

55 

61 

81 

65 

65 

45 

28 

19 

48 

1976 

22 

30 

37 

49 

61 

60 

71 

68 

70 

53 

35 

35 

49 

1977 

24 

37 

38 

56 

56 

80 

80 

53* 

"Estimated  from  partial  records. 
1Period  before  cutting. 
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Table  5.— Mean  monthly  minimum  air  temperature  for  residue  utilization  study  sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  Selection 

1975 

35 

43 

59 

51 

42 

35 

25 

22 

35* 

1976 

22 

23 

22 

31 

37 

41 

49 

51 

49 

39 

32 

29 

35 

1977 

22 

30 

30 

37 

41 

53 

55 

54 

46 

37 

26 

18 

38 

1978 

20 

24 

31 

35 

38 

46 

51 

49 

48 

36 

23 

17 

35 

1979 

7 

22 

28* 

44 

48* 

40 

27 

29 

39* 

1980 

13 

27 

26 

36 

40* 

47 

51* 

33* 

30 

24 

35* 

1981 

26 

25 

28 

41 

44* 

51* 

45 

36* 

Uncut 

1973 

57 

47 

41 

26 

27 

40* 

1974 

17 

27 

24 

34 

38 

51 

55 

52 

43 

39 

30 

25 

37 

1975 

18 

18 

23 

32 

39 

43 

57 

49 

43 

35 

25 

22 

34 

1976 

21 

23 

21 

32 

38 

42 

50 

48 

44 

37 

28 

25 

34 

1977 

14 

25 

25 

34 

37 

54 

57 

56 

47 

36 

28 

12 

38 

1978 

18 

24 

30 

33 

39 

47 

52 

35* 

Shelterwood 

1974 

48 

39 

38 

30 

25 

36* 

1975 

21 

21 

24 

32 

38 

40 

54 

44 

42 

35 

27 

22 

35 

1976 

24 

23 

22 

32 

39 

43 

53 

52 

50 

38 

31 

26 

36 

1977 

19 

26 

25 

33 

37 

52 

54 

35* 

1978 

45 

52 

48 

45 

33 

17 

10 

34* 

1979 

2 

17 

24* 

44 

47* 

37 

21 

23 

35* 

1980 

5 

22 

20 

34 

38* 

44 

49* 

36 

26 

21 

32* 

1981 

22 

20 

26 

38 

40 

47* 

32 

30 

18 

33* 

Clearcut 

1 

1973 

36 

41 

21 
27 

23 
24 

1974 

14 

23 

22 

31 

35 

48 

50 

31 

1975 

16 

14 

19 

25 

37 

43 

56 

48 

43 

34 

23 

21 

32 

1976 

22 

21 

20 

31 

39 

43 

52 

51 

48 

37 

28 

25 

35 

1977 

16 

28 

25 

34 

38 

50 

54 

54 

45 

37 

23 

16 

36 

1978 

17 

20 

28 

31 

37 

45 

50 

47 

47 

34 

17 

11 

32 

1979 

2 

17 

26* 

44 

51* 

44 

32 

32 

35* 

1980 

20 

27 

23 

35 

37* 

43 

47* 

35 

25 

21 

34* 

1981 

22 

19 

25 

38 

38 

45* 

31 

29 

17 

33* 

Abbott  Creek 

1974 

12 

17 

16 

25 

32 

43 

45 

43 

32 

26 

26 

23 

29 

1975 

14 

11 

16 

20 

31 

35 

47 

39 

30 

26 

13 

7 

25 

1976 

8 

14 

18 

25 

32 

36 

40 

42 

37 

27 

20 

23 

27 

1977 

11 

20 

22 

26 

32 

47 

49 

29* 

"Estimated  from  partial  records. 
1Period  before  cutting. 
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Table  6.  — Monthly  maximum  air  temperature  for  residue  utilization  study  sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group  Selection 

1975 

69 

80 

95 

87 

77 

69 

61 

53 

1976 

48 

46 

60 

64 

75 

82 

81 

85 

83 

78 

52 

50 

1977 

45 

52 

52 

80 

76 

86 

90 

91 

78 

66 

50 

44 

1978 

41 

51 

57 

63 

68 

82 

88 

88 

81 

70 

57 

37 

1979 

34 

43 

54 

77 

81 

84 

77 

43 

46 

1980 

43 

48 

48 

77 

66 

81 

82 

54 

55 

1981 

39 

52 

57 

73 

88 

66 

Uncut 

1973 

91 

86 

67 

45 

41 

1974 

42 

44 

54 

66 

66 

86 

88 

89 

77 

71 

46 

40 

1975 

40 

40 

40 

50 

70 

73 

89 

79 

73 

64 

60 

49 

1976 

42 

43 

51 

66 

74 

81 

80 

75 

73 

71 

48 

44 

1977 

37 

45 

47 

73 

69 

85 

90 

88 

76 

59 

47 

29 

1978 

32 

43 

59 

59 

66 

80 

83 

Shelterwood 

1974 

72 

64 

64 

44 

42 

1975 

40 

39 

47 

52 

71 

69 

84 

77 

70 

64 

58 

48 

1976 

44 

42 

54 

61 

75 

82 

81 

77 

78 

71 

50 

46 

1977 

41 

48 

48 

76 

70 

80 

76 

1978 

79 

84 

84 

77 

61 

52 

32 

1979 

32 

41 

46 

73 

77 

75 

70 

41 

41 

1980 

36 

43 

41 

72 

75 

79 

72 

54 

48 

1981 

45 

46 

50 

70 

82 

82 

55 

55 

43 

Clearcut 

1973 

54 

40 

35 

1974 

37 

35 

43 

58 

57 

80 

78 

65 

44 

40 

1975 

38 

38 

46 

50 

67 

71 

87 

80 

73 

66 

60 

48 

1976 

44 

42 

52 

59 

73 

80 

80 

80 

77 

72 

53 

46 

1977 

41 

49 

48 

74 

70 

82 

84 

86 

74 

62 

48 

39 

1978 

37 

44 

59 

56 

65 

77 

80 

81 

75 

63 

52 

32 

1979 

32 

37 

50 

72 

73 

77 

70 

46 

45 

1980 

39 

43 

43 

70 

73 

77 

70 

54 

48 

1981 

45 

45 

48 

64 

75 

77 

52 

55 

41 

Abbott  Creek 

1974 

39 

43 

48 

67 

68 

91 

90 

91 

81 

72 

54 

39 

1975 

42 

41 

48 

58 

77 

81 

91 

77 

78 

68 

61 

38 

1976 

37 

49 

59 

68 

79 

86 

83 

84 

83 

78 

52 

46 

1977 

41 

51 

52 

79 

79 

94 

94 
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Table  7.  — Monthly  minimum  air  temperature  for  residue  utilization  study  sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group  Selection 

1975 

27 

34 

49 

42 

34 

27 

3 

9 

1976 

2 

-5 

2 

23 

30 

32 

39 

44 

38 

26 

14 

20 

1977 

8 

22 

21 

28 

31 

42 

46 

48 

40 

29 

2 

-4 

1978 

-3 

3 

2 

29 

30 

37 

43 

41 

39 

30 

7 

-9 

1979 

-9 

5 

19 

32 

39 

28 

16 

3 

1980 

-4 

5 

3 

23 

37 

46 

28 

12 

7 

1981 

16 

-4 

19 

34 

45 

Uncut 

1973 

43 

32 

29 

8 

17 

1974 

-5 

19 

11 

27 

31 

39 

46 

40 

33 

28 

22 

16 

1975 

-8 

-4 

14 

30 

29 

37 

48 

40 

35 

27 

2 

10 

1976 

1 

-4 

-10 

26 

31 

33 

44 

39 

33 

25 

8 

9 

1977 

-1 

16 

14 

18 

29 

44 

47 

48 

35 

27 

3 

1 

1978 

3 

2 

0 

28 

30 

39 

44 

Shelterwood 

1974 

40 

27 

20 

19 

12 

1975 

-1 

4 

8 

29 

27 

33 

43 

34 

32 

26 

14 

9 

1976 

8 

-2 

-4 

23 

33 

33 

43 

42 

38 

24 

16 

15 

1977 

6 

22 

14 

18 

31 

39 

51 

1978 

37 

41 

39 

34 

25 

2 

-18 

1979 

-17 

-2 

14 

32 

41 

23 

5 

-8 

1980 

-15 

-6 

-4 

18 

34 

45 

23 

7 

0 

1981 

9 

-18 

14 

28 

32 

36 

19 

14 

3 

Clearcut 

1973 

23 

2 

2 

1974 

-8 

17 

7 

23 

28 

35 

40 

30 

17 

11 

1975 

-10 

-6 

1 

3 

27 

35 

44 

38 

33 

24 

0 

5 

1976 

2 

-7 

-11 

22 

33 

34 

42 

41 

35- 

22 

11 

8 

1977 

0 

22 

14 

17 

29 

40 

44 

45 

34 

27 

-3 

-8 

1978 

-5 

1 

0 

25 

27 

35 

41 

37 

37 

25 

-2 

-17 

1979 

-17 

-2 

10 

34 

45 

34 

19 

10 

1980 

3 

10 

9 

21 

34 

43 

21 

7 

3 

1981 

12 

-18 

14 

27 

32 

34 

18 

14 

3 

Abbott  Creek 

1974 

-14 

3 

-5 

16 

21 

29 

37 

31 

23 

17 

16 

1 

1975 

-7 

-17 

-9 

-1 

23 

23 

34 

21 

22 

21 

-11 

-11 

1976 

-13 

-20 

-17 

19 

25 

28 

34 

34 

27 

10 

-10 

1 

1977 

-9 

7 

9 

9 

19 

36 

45 

16 


Table  8.— Monthly  precipitation  for  residue  utilization  study  sites  (inches) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  selection 

1975 

2.43 

1.99 

3.78 

1.52 

3.97 

1976 

2.27 

2.96 

2.44 

3.20 

.95 

.46 

1977 

1.75 

.53 

1978 

1.89 

.75 

1.46 

4.00 

1.90 

.40 

1979 

1.44 

.34 

2.30 

1980 

4.70 

1.08 

Uncut 

1974 

1.94 

1.80 

1.37 

1.25 

1.21 

0.15 

1975 

2.43 

1.98 

1.61 

3.71 

1.25 

3.62 

1976 

2.36 

2.88 

1.96 

2.12 

.46 

.29 

1977 

1.50 

.27 

2.47 

1.94 

1.05 

Shelterwood 

1974 

1.26 

0.17 

1975 

1.67 

2.83 

1.96 

4.64 

1.41 

3.60 

1976 

2.39 

3.13 

2.54 

3.35 

1.05 

.52 

1977 

1.38 

.81 

3.71 

2.96 

3.72 

Clearcut 

1974 

2.16 

1.63 

1975 

1.58 

3.37 

2.11 

4.62 

1.69 

3.99 

1976 

1.51 

3.54 

3.00 

3.93 

1.33 

.71 

1977 

2.67 

.87 

3.49 

2.52 

3.36 

1978 

1.54 

.56 

1.69 

4.43 

2.18 

.24 

1979 

1.47 

.44 

2.40 

1980 

4.58 

1.28 

Abbott  Creek 

1974 

2.62 

1.83 

2.26 

1.96 

2.33 

2.41 

1.49 

1.81 

1.51 

0.32 

1.43 

1.15 

21.12 

1975 

2.25 

2.03 

1.48 

1.45 

2.21 

3.04 

1.95 

4.34 

1.59 

4.44 

2.24 

.93 

27.95 

1976 

1.75 

2.01 

.68 

2.96 

2.71 

3.52 

2.90 

3.62 

1.27 

.69 

1.57 

.82 

24.50 

1977 

.72 

1.57 

2.82 

.89 

2.59 

.75 

3.40 

2.93 

3.59 

1.22 

2.14 

3.85 

26.47 

1978 

1.60 

.92 

1.22 

2.37 

4.47 

.81 

1.72 

4.13* 

2.21* 

.65* 

.83* 

1.07* 

22.00* 

'Estimated  using  regression  techniques. 
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Table  9.  — Mean  monthly,  mean  monthly  maximum,  and  mean  monthly 
minimum  air  temperature  for  spacing  study  site  (°F) 


Year 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Mean  Monthly  Air  Temperature 

1968 

50 

59 

63 

59 

51 

40 

1969 

51 

54 

60 

67 

60 

48 

1970 

50 

59 

63 

62 

46 

38 

1971 

52 

53 

61 

67 

48 

39 

1972 

54 

61 

62 

67 

51 

43 

1973 

49 

55 

64 

63 

50 

41 

1974 

44 

59 

61 

51 

46 

38 

1975 

48 

61 

57 

51 

41 

1976 

52 

53 

61 

58 

54 

43 

1977 

45 

62 

64* 

63 

53 

46 

1978 

48 

60 

66 

63 

56 

50* 

1979 

58* 

61 

68 

69 

61 

56* 

1980 

56 

58 

67* 

59* 

57* 

49* 

1981 

52 

53 

61 

66 

60 

44 

1982 

48 

58 

62 

63 

53 

43 

Mean 

Monthly 

Maximum 

Air  Temperat 

ure 

1968 

65 

73 

82 

74 

64 

48 

1969 

68 

68 

78 

82 

69 

54 

1970 

65 

74 

80 

83 

59 

48 

1971 

68 

66 

79 

87 

61 

50 

1972 

68 

75 

78 

84 

64 

53 

1973 

65 

68 

84 

82 

64 

50 

1974 

56 

76 

76 

66 

62 

51 

1975 

61 

78 

69 

64 

48 

1976 

67 

65 

75 

69 

67 

52 

1977 

55 

77 

75 

62 

55 

1978 

59 

74 

80 

74 

65 

61* 

1979 

75 

85 

84 

74 

1980 

67 

71 

80* 

73* 

67* 

1981 

63 

63 

73 

80 

51 

1982 

61 

71 

74 

76 

64 

52 

Mean 

Monthly 

Minimum 

Air  Temperat 

j  re 

1968 

36 

44 

44 

44 

39 

32 

1969 

34 

41 

42 

53 

50 

42 

1970 

35 

44 

45 

42 

32 

28 

1971 

36 

40 

43 

47 

34 

29 

1972 

39 

46 

47 

50 

38 

33 

1973 

34 

41 

44 

43 

37 

32 

1974 

32 

42 

46 

36 

30 

24 

1975 

35 

45 

44 

37 

34 

1976 

37 

41 

47 

46 

40 

33 

1977 

34 

47 

50 

44 

37 

1978 

38 

46 

53 

51 

47 

40* 

1979 

48 

52 

54 

47 

1980 

44 

47 

53* 

48* 

47* 

1981 

42 

44 

48 

51 

36 

1982 

36 

46 

49 

50 

42 

34 

'Estimated 

values. 
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Table  10.- 

-Precipitation 

for  spac 

ng  study 

site  (inches) 

Year 

May 

June 

July 

Aug. 

Sept. 

Oct. 

1968 

3.33 

1.96 

0.87 

4.59 

3.78 

1.32 

1969 

1.32 

5.49 

.22 

0 

1.15 

1.80 

1970 

.40 

1.64 

1.27 

1.25 

.30 

1.17 

1971 

1.53 

2.50 

1.67 

0 

.48 

2.38 

1972 

.20 

1.72 

.22 

.40 

.77 

.85 

1973 

2.25 

.08 

0 

0 

.28 

1974 

2.22 

0 

.02 

1.15 

.42 

.24 

1975 

1.65 

1976 


1.93 


1.80 


2.37 


3.37 


.85 


.28 


Precipitation  was  periodically  measured  from  rain  cans,  beginning  in  1978: 


5-3-78     to 

6-9-78 

3.33 

5-1-81 

to 

6-18-81 

8.16 

6-9-78     to 

7-4-78 

6-18-81 

to 

7-17-81 

.50 

7-4-78     to 

8-4-78 

1.83 

7-17-81 

to 

8-13-81 

.38 

8-4-78     to 

9-14-78 

3.66 

8-13-81 

to 

9-11-81 

1.15 

9-14-78  to 

10-19-78 

.20 

9-11-81 

to 

10-4-81 

.95 

5-17-79  to 

6-12-79 

1.39 

4-30-82 

to 

5-28-82 

1.48 

6-12-79  to 

6-27-79 

.66 

5-28-82 

to 

7-22-82 

6-28-79  to 

7-26-79 

.24 

7-22-82 

to 

8-5-82 

.41 

7-27-79  to 

8-20-79 

.35 

8-5-82 

to 

9-15-82 

8-20-79  to 

10-30-79 

1.77 

9-15-82 

to 

10-20-82 

1.79 

5-6-80     to 

6-5-80 

5.07 

6-5-80     to 

8-7-80 

4.10 

8-7-80     to 

9-29-80 

4.21 

Table  11.— Monthly  air  temperature  and  precipitation  for  Abbott  Basin  south  and  north  sites 


Abbott  Basi 

in  south 

Abbott  B 

asin  north 

Year 

May 

June 

July 

Aug. 

Sept. 

Oct. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Mean 

Monthly 

Maximum 

Air 

Temperature  ( 

°F) 

1958 

68 

72 

81 

62 

55 

69 

75 

82 

64 

55 

1959 

55 

71 

81 

68 

57 

49 

55 

69 

80 

72 

58 

48 

1960 

55 

68 

87 

69 

69 

52 

55 

67 

85 

70 

70 

54 

1961 

66 

79 

84 

86 

60 

51 

1962 

60 

72 

78 

75 

69 

1963 

62 

67 

74 

79 

72 

60 

1964 

62 

66 

78 

69 
Mean 

61 
Monthly 

54 
Minimum 

Air 

Temperature  ( 

DF) 

1958 

45 

48 

52 

40 

36 

46 

50 

54 

42 

37 

1959 

34 

45 

51 

47 

38 

33 

34 

45 

50 

48 

41 

34 

1960 

35 

44 

52 

44 

38 

33 

35 

44 

54 

48 

41 

35 

1961 

38 

45 

48 

48 

35 

30 

1962 

38 

40 

43 

44 

36 

1963 

34 

42 

42 

43 

40 

34 

1964 

32 

41 

44 

42 

35 

33 

Total 

Precipitation 

(inches) 

1958 

3.39 

0.47 

0.50 

1.78 

0.55 

3.00 

0.60 

0.30 

1.75 

0.40 

1959 

3.21 

.87 

.10 

1.23 

3.89 

2.41 

2.90 

1.63 

.05 

.63 

3.60 

3.14 

1960 

3.26 

1.33 

0 

3.83 

.42 

2.07 

2.96 

.85 

0 

3.52 

.14 

1.74 

1961 

.95 

.52 

1.68 

.79 

3.00 

2.09 

1962 

2.62 

.82 

.45 

1.25 

.56 

1.50 

1963 

.86 

5.03 

.95 

.60 

1.10 

1.00 

1964 

5.23 

2.35 

1.50 

1.80 

1.23 

19 


Table  12.— Monthly  air  temperature  and  precipitation  for  wartime  cuttings 


Year 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Mean 

Monthly 

Maximum 

Temperatures 

(°F) 

1961 

83 

87 

89 

62 

51 

1962 

60 

73 

80 

75 

68 

1963 

67 

72 

82 

84 

76 

59 

1964 

62 

72 

83 

72 

64 

57 

Mean 

Monthly 

M 

nimum 

Temperatures 

(°F) 

1961 

45 

46 

47 

35 

30 

1962 

34 

37 

40 

41 

33 

1963 

36 

44 

45 

45 

43 

35 

1964 

36 

43 

46 

44 

37 

34 

Total 

Precipitation  (inches) 

1961 

0.83 

0.14 

1.44 

0.79 

2.69 

2.19 

1962 

2.36 

.55 

.22 

1.60 

.85 

1963 

.72 

4.07 

.57 

.38 

1.44 

1.52 

1964 

1.09 

4.73 

2.33 

1.70 

1.68 

1.92 

Table  13.— Monthly  air  temperature  for  60-acre  clearcut  and  30-acre  clear- 
cut  sites 


Year 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Mean 

Monthly 

Maximum 

Temperatures 

(°F) 

1971 

78* 

64 

56 

1972 

65 

71 

74 

82 

54 

1973 

59 

60 

73 

81 

65 

50 

1974 

55 

76 

78 

73 

67 

58 

1975 

69 

85 

72 

69 

1976 

63 

62 

74 

68 

66 

50 

1977 

60 

80 

78 

76 

63 

57 

1978 

60 

75 

79 

73 

64 

62* 

1979 

80 

89 

1980 

70 

78 

79 

72 

66 

1981  62  61  72  79  65 

Mean  Monthly  Minimum  Temperatures  (°F) 


50 


1971 

53* 

45 

41 

1972 

38 

45 

46 

49 

31 

1973 

37 

42 

42 

41 

35 

30 

1974 

33 

42 

42 

40 

33 

29 

1975 

42 

50 

44 

38 

1976 

30 

36 

42 

42 

35 

28 

1977 

34 

45 

48 

47 

41 

34 

1978 

41 

45 

47 

46 

43 

33 

1979 

43 

47 

1980 

42 

45 

49 

45 

43 

1981 


41 


42 


47 


49 


41 


34 


'Based  on  fewer  than  20  days. 
130-acre  clearcut. 
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Table  14.— Mean  monthly,  mean  monthly  maximum,  and  mean  monthly  minimum  air  temperature  for  Coram  Ranger  Station  (°F) 


Mean 

monthly 

Mean  monthly 

maximum 

Mean  monthly 

minimun 

air  temperature 

air  temperature 

air  temperature 

Year 

June 

July 

Aug. 

Sept. 

June 

July 

Aug. 

Sept. 

June 

July 

Aug. 

Sept. 

1934 

67 

63 

49 

87 

86 

65 

46 

40 

33 

1935 

56* 

62 

59 

57 

74* 

82 

78 

75 

37* 

44 

39 

39 

1936 

59 

66 

62 

52 

73 

87 

84 

67 

44 

45 

41 

37 

1937 

56 

64 

59 

55 

71 

83 

77 

73 

42 

45 

42 

36 

1938 

58 

64 

61 

59 

75 

84 

81 

80 

42 

45 

40 

39 

1939 

52 

63 

62 

54 

64 

82 

84 

69 

40 

44 

39 

38 

1940 

58 

65 

62 

57 

76 

85 

86 

73 

41 

45 

38 

42 

1941 

57 

66 

63 

48 

72 

86 

81 

58 

42 

47 

45 

38 

1942 

54 

62 

61 

53 

65 

81 

80 

70 

44 

44 

42 

36 

1943 

50 

62 

61 

53 

62 

82 

82 

74 

38 

43 

40 

32 

1944 

56 

63 

60 

54 

70 

83 

78 

71 

42 

42 

41 

37 

1945 

55 

64 

64 

54* 

68 

84 

86 

70* 

42 

43 

41 

37* 

1946 

55 

64 

62 

54 

72 

84 

84 

71 

39 

42 

40 

37 

1947 

57 

66 

62 

56* 

70 

88 

81 

73* 

44 

43 

42 

40* 

1948 

61 

59 

62 

56 

75 

77 

80 

78 

47 

42 

43 

34 

1949 

57 

62 

63 

52 

74 

82 

87 

74 

40 

42 

39 

31 

1950 

54* 

62 

62 

53 

68* 

81 

82 

76 

41* 

43 

41 

31 

1951 

54* 

63 

60 

50 

69* 

84 

81 

68 

39* 

42 

39 

32 

1952 

56 

61 

62 

56 

72 

82 

83 

78 

40 

40 

41 

34 

1953 

54 

62 

62 

55 

69 

86 

82 

75 

39 

39 

41 

35 

1954 

54* 

62 

59 

51 

68* 

80 

78 

67 

39* 

43 

41 

36 

1955 

55 

60 

60 

54 

73 

76 

83 

72 

37 

44 

36 

35 

1956 

56* 

63 

59 

54 

72* 

82 

79 

72 

40* 

44 

40 

36 

1957 

58 

63 

60 

55 

72 

83 

80 

76 

44 

44 

40 

34 

°F 
Average  oc 

56 

63 

61 

54 

71 

83 

82 

72 

41 

43 

40 

36 

13 

17 

16 

12 

22 

28 

28 

22 

5 

6 

4 

2 

'Based  on  fewer  than  20  days. 


Table  15.— Monthly  precipitation  for  Coram  Ranger 
Station  (inches) 


Year 

June 

July 

Aug. 

Sept. 

1934 

0 

0.25 

0.90 

1935 

1.10 

1.79 

.74 

.31 

1936 

1.56 

.21 

.18 

1.44 

1937 

3.17 

.84 

1.81 

1.68 

1938 

1.79 

1.27 

1.74 

.74 

1939 

3.85 

.60 

.19 

1.70 

1940 

1.26 

2.19 

.20 

1.90 

1941 

1.86 

.54 

1.46 

4.58 

1942 

3.82 

2.56 

.79 

1.33 

1943 

3.45 

.64 

.43 

1.26 

1944 

1.09 

.27 

2.46 

2.28 

1945 

3.24 

.32 

.45 

2.17 

1946 

2.73 

1.05 

1.48 

2.08 

1947 

5.44 

.57 

3.36 

1.66* 

1948 

3.52 

3.75 

1.44 

.02 

1949 

.72 

1.97 

.89 

2.13 

1950 

1.77 

1.73 

1.75 

1.33 

1951 

2.18 

1.81 

2.70 

3.79 

1952 

3.44 

2.11 

1.16 

.52 

1953 

2.97 

.09 

1.71 

.64 

1954 

2.92 

2.58 

4.60 

.87 

1955 

2.72 

3.13 

0 

2.30 

1956 

2.68 

1.74 

2.86 

1.19 

1957 

3.86 

.89 

.74 

.15 

ch   2.66 

1.36 

1.39 

1.54 

AV6rage  cm   6.76 

3.45 

3.53 

3.91 

'Based  on  fewer  than  20  days. 
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Table  16.— Monthly  air  temperature  and  precipitation  for  Desert  Mountain  Lookout 


Mean 

Mean 

monthly 

Mean  monthly 

monthly 

air 

maximum  air 

minimum  air 

Total 

temperature 

temperature 

temperature 

precip 

itation 

Year 

July 

Aug. 

July 

Aug. 

July 

Aug. 

July 

Aug. 

°F 

Inches 

1936 

66 

61 

77 

72 

55 

51 

0.25 

0.35 

1937 

62 

55 

71 

65 

52 

46 

1.36 

1.84 

1938 

61 

56 

70 

65 

52 

48 

1.32 

1.30 

1939 

62 

62 

71 

72 

54 

52 

.25 

.37 

1940 

60 

61 

70 

71 

51 

51 

2.31 

.10 

1941 

61 

163 

69 

72 

54 

53 

.38 

1    .51 

1942 

2  56 

59 

64 

69 

47 

50 

2  2.03 

3    .90 

1943 

59 

59 

69 

69 

49 

48 

.67 

.37 

1944 

58 

55 

68 

65 

49 

46 

.37 

2.08 

1945 

60 

60 

70 

70 

51 

50 

.15 

.76 

1946 

261 

3  58 

72 

66 

51 

50 

2    .28 

4   .84 

1947 

2  62 

157 

72 

68 

52 

46 

.51 

12.27 

1948 

556 

67 

45 

5   .90 

1949 

2  56 

61 

67 

72 

45 

50 

2 1.97 

.65 

1950 

2  56 

58 

66 

68 

47 

48 

21.23 

1.25 

1951 

60 

56 

70 

66 

50 

47 

1.58 

32.86 

1952 

2  56 

58 

67 

68 

46 

48 

21.31 

3 1.23 

1953 

62 

59 

73 

70 

51 

49 

.11 

1.32 

1954 

2  60 

456 

69 

63 

51 

49 

1.38 

43.89 

1955 

3  56 

61 

65 

72 

46 

50 

3  4.45 

0 

1956 

60 

57 

69 

67 

50 

48 

1.67 

3.04 

1957 

57 

56 

69 

68 

46 

45 

1.49 

.88 

1958 

58 

64 

68 

76 

48 

53 

1.15 

.75 

1959 

60 

55 

73 

65 

48 

45 

.12 

1.66 

1960 

67 

3  55 

77 

64 

57 

45 

.09 

"3.70 

1961 

61 

67 

72 

78 

50 

56 

2.13 

1.36 

1962 

55 

54 

68 

66 

42 

42 

.95 

1.74 

1963 

57 

60 

67 

72 

47 

49 

1.10 

.84 

1964 

56 

49 

69 

60 

43 

39 

2.97 

2.02 

1965 

61 

3  57 

70 

66 

52 

49 

1.15 

12.66 

1966 

58 

56 

68 

67 

48 

46 

2.16 

1.55 

1967 

3  62 

66 

74 

78 

51 

55 

.29 

.07 

1968 

60 

71 

48 

1.16 

62.10 

1969 

57 

62 

67 

74 

47 

49 

.44 

0 

1970 

62 

62 

72 

74 

52 

51 

2.61 

1.35 

1971 

57 

66 

68 

77 

45 

56 

1.69 

1.64 

1972 

54 

61 

65 

72 

44 

51 

3.08 

1.67 

1973 

59 

61 

72 

73 

46 

49 

.14 

1.02 

1  7-9  days 

missing  at  end  of  month 

44-5  days  missing  at  en 

j  of  month 

2July  11-31 

5August  1-20. 

includes  estimates  for 

missing 

days. 

6August  1-16. 
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Table  17.— Mean  monthly  air  temperature  and  monthly  precipitation  for  Hungry  Horse  Dam,  1968-81 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Mean 

Monthly  Air 

Temperature  (°F) 

1968 

24 

30 

39 

40 

50 

57 

64 

61 

53 

41 

33 

19 

43 

1969 

12 

25 

31 

45 

54 

58 

64 

65 

56 

39 

34 

28 

42 

1970 

23 

31 

32 

38 

52 

64 

66 

65 

49 

39 

30 

26 

43 

1971 

23 

28 

30 

41 

52 

54 

62 

69 

49 

40 

34 

22 

42 

1972 

18 

27 

37 

40 

51 

59 

61 

66 

50 

39 

33 

21 

42 

1973 

19 

24 

36 

41 

52 

58 

67 

67 

54 

44 

29 

30 

43 

1974 

21 

31 

31 

42 

47 

62 

65 

63 

53 

44 

35 

31 

44 

1975 

23 

20 

28 

35 

48 

57 

67 

59 

54 

42 

31 

29 

41 

1976 

27 

30 

29 

43 

53 

55* 

65 

62 

56* 

43 

32 

30 

44* 

1977 

21 

32 

33 

45 

50 

63 

62 

63 

51 

43 

31 

22 

43 

1978 

21 

28 

35 

44 

48 

60 

65 

62 

54 

44 

27 

20 

42 

1979 

3 

24 

34 

42 

52 

61 

68 

67 

58 

46 

29 

32 

43 

1980 

15 

27 

30 

45 

55 

58 

65 

59 

53 

43 

34 

28 

43 

1981 

29 

30 

39 

44 

54 

54 

64 

69 

56 

42 

34 

27 

45 

Total  Precipitation  (inc 

hes) 

1968 

3.13 

3.21 

2.85 

1.37 

3.37 

2.91 

2.17 

3.71 

6.57 

4.83 

3.63 

3.75 

41.50 

1969 

7.85 

.83 

1.17 

1.74 

2.29 

5.26 

.46 

.14 

3.05 

2.82 

1.83 

2.24 

29.68 

1970 

6.20 

3.52 

2.92 

1.79 

2.24 

3.72 

3.30 

.58 

3.56 

3.18 

3.83 

4.51 

39.35 

1971 

5.49 

1.95 

2.38 

1.27 

3.24 

5.26 

2.23 

1.60 

1.76 

4.04 

2.99 

4.10 

36.31 

1972 

5.39 

4.03 

2.51 

2.71 

2.23 

3.69 

3.10 

2.29 

3.00 

3.07 

1.00 

4.89 

37.91 

1973 

2.24 

1.09 

1.04 

1.63 

2.39 

2.85 

.16 

1.01 

2.63 

4.10 

10.84 

4.97 

34.95 

1974 

7.50 

3.82 

4.23 

2.28 

2.89 

3.16 

1.66 

1.07 

2.41 

.42 

4.11 

2.81 

36.36 

1975 

3.73 

3.61 

2.71 

1.21 

2.57 

3.38 

1.57 

4.07 

1.10 

5.89 

3.09 

3.81 

36.74 

1976 

3.75 

3.10 

1.50 

2.75 

2.89 

3.66 

2.98 

4.74 

1.36 

.90 

2.18 

1.93 

31.74 

1977 

1.63 

1.70 

2.20 

1.10 

2.74 

.68 

3.84 

3.04 

3.81 

1.00 

3.95 

7.16 

32.85 

1978 

3.05 

1.44 

1.27 

2.32 

4.28 

2.44 

1.69 

4.13 

2.34 

.68 

2.89 

3.01 

29.54 

1979 

2.17 

4.87 

2.68 

2.60 

3.08 

1.51 

.70 

1.30 

.68 

3.04 

.60 

3.87 

27.10 

1980 

2.94 

2.54 

3.20 

2.44 

4.19 

5.48 

1.50 

3.61 

3.19 

1.32 

2.82 

7.11 

40.34 

1981 

1.20 

3.91 

1.05 

4.55 

6.17 

6.83 

2.45 

.87 

1.72 

1.04 

2.95 

4.06 

36.80 

"Estimated  by  regression  techniques. 
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Table  18.— Mean  monthly  air  temperature  and  monthly  precipitation  for  West  Glacier,  1968-81 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Mean 

Monthly  Air 

Temperature  (°F) 

1968 

22 

30 

39 

40 

49 

57 

64 

59 

52 

41 

33 

18 

42 

1969 

12 

24 

32 

44 

52 

58 

62 

63 

55 

39 

34 

27 

42 

1970 

22 

29 

31 

38 

51 

62 

64 

62 

47 

38 

30 

24 

42 

1971 

21 

28 

30 

41 

52 

55 

62 

67 

49 

40 

32 

20 

41 

1972 

16 

27 

36 

39 

50 

59 

60 

64 

49 

40 

33 

19 

41 

1973 

19 

25 

36 

41 

51 

58 

65 

65 

54 

44 

29 

28 

43 

1974 

21 

30 

32 

43 

47 

61 

64 

61 

53 

44 

33 

29 

43 

1975 

22 

20 

29 

36 

48 

54 

68 

59 

52 

41 

30 

28 

41 

1976 

26 

29 

30 

42 

52 

54 

63 

61 

54 

43 

32 

29 

43 

1977 

20 

31 

34 

44 

49 

60 

62 

61 

50 

42 

29 

20 

42 

1978 

21 

27 

35 

43 

48 

59 

63 

59 

54 

42 

26 

17 

41 

1979 

4 

24 

33 

42* 

51 

58 

65 

65 

56 

44 

28 

30 

42* 

1980 

14 

27 

30 

46 

53 

56 

61 

57 

53 

44 

33 

26 

42 

1981 

28 

28 

37 

43 

52 

53 

62 

65 

54 

42 

34 

25 

44 

Total  Precipitation  (inc 

hes) 

1968 

1.97 

2.58 

1.57 

1.15 

4.94 

3.22 

0.86 

3.66 

6.17 

4.16 

2.38 

4.04 

36.70 

1969 

6.67 

.66 

.71 

1.61 

1.90 

4.55 

.48 

.01 

3.20 

1.98 

1.16 

1.64 

24.57 

1970 

5.31 

3.56 

1.97 

1.38 

3.41 

3.73 

1.73 

.70 

3.21 

1.93 

4.74 

3.72 

35.39 

1971 

5.55 

2.14 

2.28 

.95 

2.84 

5.94 

1.75 

1.91 

1.24 

2.88 

3.77 

4.90 

36.15 

1972 

5.13 

5.07 

2.76 

1.57 

2.13 

2.69 

1.99 

1.60 

1.62 

1.05 

1.20 

4.83 

31.64 

1973 

2.48 

1.07 

1.26 

1.59 

2.09 

2.32 

.22 

1.14 

2.62 

2.59 

4.63 

3.27 

25.28 

1974 

5.77 

2.98 

2.87 

2.47 

2.18 

2.24 

1.37 

1.12 

1.32 

.14 

4.53 

2.52 

29.51 

1975 

4.45 

2.58 

1.67 

1.17 

2.19 

2.54 

2.00 

4.06 

1.14 

4.17 

2.81 

3.78 

32.56 

1976 

3.75 

3.08 

.96 

1.88 

2.83 

3.29 

3.05 

4.09 

.80 

.30 

1.22 

1.91 

27.16 

1977 

1.29 

1.40 

2.16 

.33 

2.13 

.75 

3.13 

2.55 

3.24 

1.17 

2.70 

6.02 

26.87 

1978 

2.83 

1.06 

.51 

2.43 

3.68 

2.12 

3.04 

4.48 

1.64 

.64 

2.14 

2.56 

27.13 

1979 

1.05 

3.59 

1.23 

2.23 

2.66 

1.47 

1.12 

.85 

.80 

2.37 

.65 

2.64 

20.66 

1980 

2.26 

2.04 

1.15 

1.24 

3.96 

5.12 

1.62 

2.37 

2.27 

.86 

2.89 

7.72 

33.50 

1981 

1.32 

2.46 

1.32 

2.55 

3.96 

6.83 

1.67 

1.70 

1.14 

.90 

2.76 

2.43 

29.04 

•Estimated  by  regression  techniques. 
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Table  19.— Mean  daily  solar  irradiance  by  month  for  residue  utilization  study  sites  (MJ  rrr2) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group  Selection 

1975 

15 

15 

18 

14 

14 

6 

4 

2 

1976 

3 

5 

10 

12 

16 

14 

17 

14 

14 

8 

4 

3 

1977 

3 

6 

8 

17 

14 

20 

17 

15 

11 

1978 

12 

12 

20 

19 

14 

9* 

7* 

3 

1979 

17* 

19 

13* 

6 

3 

1980 

16 

16* 

7 

2 

1981 

11 

14 

14 

20* 

6 

3 

Uncut 

1973 

4 

4 

2 

1 

1 

1974 

1 

1 

3 

4 

5 

8 

8 

6 

5 

3 

1 

0 

1975 

0 

1 

2 

3 

4 

4 

6 

4 

3 

1 

1 

0 

1976 

1 

1 

2 

2 

5 

4 

5 

3 

2 

1 

1 

1 

1977 

1 

1 

1 

5 

3 

2 

Shelterwood 

1974 

8 

8 

5 

2 

1 

1975 

2 

3 

6 

8 

10 

9 

12 

8 

8 

3 

2 

1 

1976 

2 

3 

6 

8 

11 

10 

11 

9 

9 

5 

3 

2 

1977 

2 

4 

5 

11 

10 

13 

10 

10 

7 

Clearcut 

14 

- 
13 

1973 

1 
9 

5 

0 
3 

4 

0 

1974 

0 

0 

1 

3 

4 

7 

6 

1 

1975 

3 

4 

7 

11 

14 

14 

19 

2 

1976 

3 

4 

7 

12 

16 

13 

18 

13 

13 

8 

4 

3 

1977 

4 

6 

8 

16 

14 

20 

17 

15 

10 

8 

3 

2 

1978 

2 

5 

10 

12 

11 

22 

19 

14 

8* 

7* 

4 

1979 

18* 

20 

13* 

7 

3 

1980 

14 

18* 

18 

17* 

7 

2 

1981 

10 

14 

13 

21* 

6 

3 

Abbott  Creek 

1974 

2 

2 

8 

12 

12 

19 

18 

16 

13 

9 

3 

2 

1975 

2 

4 

7 

12 

13 

13 

19 

14 

13 

6 

3 

2 

1976 

3 

5 

8 

11 

16 

15 

17 

13 

13 

7 

4 

2 

1977 

3 

5 

7 

15 

13 

19 

16 

13 

10 

Note:  1  MJ  rrr2  =  23.9  CAL  cnr2 
•Estimated  from  partial  records. 
1  Period  before  clearcutting. 
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Table  20.— Maximum  daily  solar  irradiance  by  month  for  residue  utilization  study  sites 
(MJ  m-2) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group  Selection 

1975 

21 

25 

24 

22 

19 

15 

10 

8 

1976 

8 

11 

18 

22 

23 

24 

24 

20 

19 

15 

9 

7 

1977 

8 

12 

19 

23 

24 

26 

25 

22 

20 

1978 

21 

25 

28 

26 

23 

18 

11 

7 

1979 

10 

20 

24 

22 

23 

22 

12 

8 

1980 

10 

11 

25 

24 

12 

6 

1981 

11 

16 

25 

26 

26 

11 

8 

Uncut 

1973 

5 

7 

4 

3 

3 

1974 

4 

2 

6 

8 

9 

10 

11 

10 

8 

5 

2 

1 

1975 

2 

3 

4 

5 

8 

8 

8 

9 

5 

3 

2 

1 

1976 

2 

2 

3 

5 

8 

8 

8 

5 

4 

2 

2 

2 

1977 

2 

2 

2 

10 

6 

4 

Shelterwood 

1974 

12 

13 

6 

5 

3 

1975 

4 

8 

14 

14 

17 

15 

15 

16 

12 

7 

6 

3 

1976 

5 

6 

11 

15 

15 

16 

14 

16 

14 

8 

6 

4 

1977 

5 

6 

14 

18 

15 

18 

15 

14 

13 

Clearcut 

22 

17 

1 

1973 

2 

2 

1 

1974 

1 

1 

4 

6 

8 

10 

10 

11 
13 

7 
9 

6 

1975 

8 

14 

15 

22 

23 

25 

24 

6 

1976 

7 

9 

15 

22 

24 

24 

23 

21 

18 

13 

8 

7 

1977 

8 

13 

18 

22 

24 

25 

25 

22 

19 

14 

7 

6 

1978 

6 

12 

18 

22 

23 

27 

26 

23 

17 

11 

7 

1979 

13 

26 

24 

24 

23 

13 

8 

1980 

10 

16 

12 

23 

26 

28 

28 

11 

6 

1981 

14 

15 

25 

27 

26 

11 

8 

Abbott  Creek 

1973 

4 

1974 

7 

8 

18 

21 

22 

24 

24 

21 

20 

12 

7 

5 

1975 

6 

16 

14 

21 

20 

24 

24 

22 

17 

12 

6 

6 

1976 

7 

11 

15 

20 

23 

24 

22 

20 

16 

14 

7 

5 

1977 

8 

10 

18 

20 

23 

24 

25 

20 

16 

Note:  1  MJ  rrr2  =  23.9  CAL  cm  2 
'Period  before  clearcutting. 
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Table  21.— Mean  daily  net  irradiance  by  month  for  residue  utilization  study  sites  (Langleys) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group  Selection 

1975 

276 

290 

202 

189 

46 

7 

9 

1976 

13 

4 

37 

163 

248 

254 

256 

209 

189 

74 

17 

-29 

1977 

9 

19 

30 

165 

198 

241 

224 

207 

135 

80 

11 

-2 

1978 

-4 

-6 

52 

194 

170 

300* 

176 

132' 

54* 

1979 

265 

151* 

62 

Uncut 

1973 

19 

3 

-1 

1974 

67 

82 

162 

205 

135 

55 

9 

20 

9 

1975 

9 

11 

28 

54 

28 

33 

17 

9 

1976 

12 

9 

23 

64 

104 

91 

85 

31 

9 

10 

20 

-8 

1977 

8 

22 

14 

46 

44 

Shelterwood 

1974 

134 

126 

28 

-5 

-15 

1975 

9 

0 

22 

41 

174 

205 

147 

120 

117 

50 

-1 

7 

1976 

20 

11 

43 

76 

192 

140 

139 

122 

135 

38 

3 

-16 

1977 

-11 

13 

12 

88 

135 

Clearcut 

1 

1973 

137 

22 
16 

9 

1974 

2 

-7 

-4 

21 

57 

144 

134 

-4 

1975 

2 

23 

29 

88 

222 

211 

263 

183 

158 

61 

4 

-3 

1976 

8 

-8 

34 

114 

286 

231 

271 

211 

168 

58 

1 

-32 

1977 

-18 

-14 

8 

146 

206 

272 

235 

246 

172 

119 

"Estimated  from  partial  records. 
1  Period  before  clearcutting. 


Table  22.  — Mean  daily  litter  surface  temperature  by  month  for  residue  utilization  study  sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Clearcut-B 

1975 

68 

57 

55 

39 

37 

1976 

57 

54 

61 

57 

48 

36 

34 

28 

1977 

30 

32 

32 

48 

32 

1978 

32 

32 

32 

32* 

43 

54* 

55 

54 

50 

37 

32 

32 

1979 

32 

32 

32 

48* 

57 

61* 

50* 

41 

30 

32 

1980 

32 

32 

32 

34 

45* 

54 

59* 

39 

30 

32 

1981 

32 

32 

32 

48 

46 

57* 

34 

32 

32 

Clearcut-U 

1975 

68 

59 

54 

37 

37 

32 

1976 

55 

54 

64 

59 

48 

34 

32 

30 

1977 

30 

30 

32 

50 

52 

61 

32 

1978 

32 

32 

32 

34* 

45 

66* 

68 

59 

52 

39 

32 

32 

1979 

32 

32 

32 

61* 

70 

75* 

54* 

39 

25 

30 

1980 

30 

30 

32 

36 

48* 

54 

57* 

41 

32 

32 

1981 

32 

32 

32 

48 

50 

59* 

36 

34 

32 

Clearcut  Block 

13-B 

1978 

32 

32 

41* 

45 

59* 

1979 

48 

59 

61* 

41* 

36* 

1980 

45* 

54 

57* 

Clearcut  Block 

13-U 

1978 

32 

32 

43* 

46 

57' 

63 

59 

54* 

41* 

33 

33 

1979 

32 

32 

32 

57 

66 

70* 

57* 

45 

31 

32 

1980 

32 

32 

32 

41 

54* 

57 

61* 

Uncut 

1975 

63 

54 

46 

37 

34 

32 

1976 

43 

46 

57 

54 

45 

36 

34 

30 

1977 

30 

30 

30 

37 

45 

52 

"Estimated  from  partial  records. 
Note:  B  =  area  burned;  U  =  area  unburned. 
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Table  23.— Mean  monthly  maximum  litter  surface  temperature1    for  residue  utilization  study 
sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Clearcut-B 

1975 

113 

88 

109 

55 

52 

1976 

111 

97 

86 

79 

73 

43 

39 

28 

1977 

30 

32 

84 

32 

1978 

32 

32 

32* 

32 

64 

75 

66 

66 

57 

45 

34 

32 

1979 

32 

32 

32 

59 

72 

68* 

50 

30 

32 

1980 

32 

32 

32 

37 

61* 

86 

93* 

57 

37 

32 

1981 

32 

32 

32 

73 

68 

93* 

54 

41 

32 

Clearcut-U 

1975 

117 

99 

106* 

52 

50 

32 

1976 

109 

93 

106 

100 

91 

41 

37 

30 

1977 

30 

32 

100 

97 

106 

1978 

34 

34 

32* 

36 

66 

129 

117 

99 

72 

61 

36 

32 

1979 

32 

32 

32 

111 

124 

99* 

61 

30 

32 

1980 

32 

32 

32 

41 

81* 

86 

93* 

55 

36 

32 

1981 

32 

32 

32 

72 

66 

102* 

46 

37 

32 

Clearcut  Bloc 

k  13-B 

1978 

32 

32 

55* 

61 

90* 

1979 

86* 

77* 

100 

109* 

68* 

57* 

1980 

70* 

79* 

82 

86* 

Clearcut  Bloc 

k  13-U 

1978 

32 

32 

66* 

72 

93* 

100 

95 

70* 

75* 

36 

34 

1979 

34 

32 

32 

100* 

95* 

118 

140* 

117 

75 

39 

32 

1980 

32 

32 

32 

57 

104* 

90 

100* 

Uncut 

1975 

99 

73 

55 

41 

36 

32 

1976 

70 

68 

73 

63 

52 

37 

36 

30 

1977 

30 

32 

55 

66 

77 

1Mean  monthly  maximum  temperature  was  obtained  by  dividing  the  sum  of  the  daily  maximum 

temperatures  by  the  number  of  days  readings  were  available. 
'Estimated  from  partial  records. 

Note:  B  =  area  burned;  U  =  area  unburned. 
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Table  24.— Mean  monthly  minimum  litter  surface  temperature1  for  residue  utilization  study 
sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Clearcut-B 

1975 

46 

41 

32 

30 

32 

1976 

23 

36 

48 

46 

36 

28 

30 

28 

1977 

28 

32 

30 

32 

1978 

32 

32 

32 

32 

32 

39 

46 

45 

45 

32 

32 

32 

1979 

32 

32 

32 

32* 

36* 

39 

45 

46* 

39* 

34 

28 

32 

1980 

32 

32 

32 

32 

36* 

37 

41* 

32 

25 

30 

1981 

30 

32 

32 

34 

36 

39* 

25 

28 

32 

Clearcut-U 

1975 

45 

39 

32 

30 

30 

32 

1976 

23 

34 

45 

43 

32 

27 

25 

30 

1977 

28 

30 

27 

28 

39 

32 

1978 

32 

32 

32 

32 

34 

36 

45 

43 

45 

32 

30 

32 

1979 

32 

32 

32 

32* 

36* 

39 

45 

45* 

34* 

28 

21 

30 

1980 

30 

30 

32 

32 

30* 

39 

45* 

34 

30 

30 

1981 

32 

32 

32 

37 

41 

45* 

30 

30 

32 

Clearcut  Block  13-B 

1978 

30 

30 

33* 

34 

39* 

1979 

27* 

32* 

36 

36* 

25* 

21 

1980 

36* 

27* 

39 

43* 

Clearcut  Bloc 

k  13-U 

1978 

32 

32 

32* 

34 

41* 

46 

45 

46* 

30 

32 

33 

1979 

32 

32 

32* 

34* 

39 

41 

41* 

34* 

32 

28 

32 

1980 

32 

32 

32 

32 

32* 

39 

45* 

Uncut 

1975 

52 

48 

41 

34 

34 

32 

1976 

34 

39 

50 

48 

41 

34 

30 

30 

1977 

28 

30 

32 

36 

45 

1Mean  monthly  minimum  temperature  was  obtained  by  dividing  the  sum  of  the  daily  minimum 

temperatures  by  the  number  of  days  readings  were  available. 
"Estimated  from  partial  records. 

Note:  B  =  area  burned;  U  =  area  unburned. 
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Table  25.— Mean  monthly  soil  temperature  at  a  depth  of  1  inch  for  residue  utilization  study  sites 
(°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  Selection 

1975 

50 

65 

55 

51 

38 

31 

27 

40* 

1976 

26 

27 

27 

33 

49 

51 

59 

56 

51 

40 

29 

26 

40 

1977 

26 

27 

29 

40 

49 

59 

60 

59 

49 

40 

30 

28 

41 

1978 

29 

29 

29 

37 

42 

55 

60 

60 

56 

41 

33 

33 

44 

1979 

32 

32 

32* 

58 

60 

46 

32 

32 

45* 

1980 

32 

32 

32 

40 

57 

60 

46 

39 

36 

44* 

1981 

35 

35 

38 

54 

56 

62* 

45 

39 

33 

46* 

Uncut 

1974 

60 

62 

60 

53 

45 

34 

31 

45* 

1975 

31 

31 

32 

33 

40 

48 

60 

53 

50 

41 

35 

31 

41 

1976 

30 

28 

30 

31 

42 

46 

54 

52 

50 

43 

35 

31 

39 

1977 

27 

30 

31 

36 

43 

54 

55 

57 

50 

42 

34 

32 

40 

1978 

32 

33 

34 

38 

42 

51 

55 

56 

49 

41* 

Shelterwood 

1974 

58 

49 

40 

33 

32 

42* 

1975 

31 

32 

32 

33 

39 

50 

60 

54 

50 

39 

34 

31 

40 

1976 

32 

32 

33 

32 

46 

51 

60 

58 

54 

41 

33 

32 

42 

1977 

32 

32 

33 

37 

47 

58 

59 

59 

51 

42 

34 

33 

42 

1978 

33 

34 

34 

35 

43 

53 

58 

55 

50 

44 

32 

32 

42 

1979 

32 

1980 

53 

54 

40 

33 

32 

43* 

1981 

31 

32 

32 

46 

54 

63 

42 

35 

33 

43* 

Clearcut 

1974 

59 

54 

38 

31 

29 

40* 

1975 

29 

30 

28 

30 

36 

48 

60 

52 

46 

35 

28 

27 

38 

1976 

28 

28 

28 

28 

46 

49 

59 

56 

50 

38 

29 

28 

38 

1977 

27 

28 

28 

34 

45 

60 

60 

58 

48 

38 

29 

28 

40 

1978 

28 

28 

28 

29 

41 

54 

59 

57 

39* 

"Estimated  from  partial  records. 
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Table  26.— Mean  monthly  soil  temperature  at  a  depth  of  10  inches  for  residue  utilization  study 
sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  Selection 

1975 

46 

58 

53 

50 

42 

35 

31 

41* 

1976 

30 

31 

30 

34 

46 

49 

56 

55 

50 

42 

34 

31 

41 

1977 

29 

30 

31 

38 

47 

55 

57 

57 

50 

43 

35 

32 

42 

1978 

32 

31 

31 

37 

41 

50 

55 

57 

37 

36 

41* 

1979 

35 

34 

34 

54 

1980 

54 

57 

41 

1981 

51 

52 

56 

45 

41 

36 

44* 

Uncut 

1974 

59 

61 

60 

52 

45 

40 

36 

45* 

1975 

35 

34 

35 

35 

40 

48 

58 

54 

51 

44 

38 

34 

42 

1976 

33 

32 

36 

37 

46 

50 

58 

59 

56 

48 

41 

37 

44 

1977 

33 

34 

35 

39 

45 

55 

57 

59 

53 

47 

39 

37 

44 

1978 

36 

36 

36 

40 

45 

52 

57 

58 

52 

44* 

Shelterwood 

1974 

53 

46 

41 

35 

33 

39* 

1975 

30 

31 

31 

31 

35 

46 

55 

52 

50 

43 

37 

35 

40 

1976 

34 

34 

35 

34 

43 

48 

56 

57 

53 

45 

38 

35 

43 

1977 

34 

33 

34 

35 

44 

53 

56 

57 

51 

43 

37 

35 

43 

1978 

35 

35 

34 

35 

42 

48 

54 

54 

50 

45 

42* 

Clearcut 

1974 

51 

49 

37 

33 

32 

40* 

1975 

31 

31 

30 

32 

36 

46 

58 

53 

48 

39 

32 

31 

39 

1976 

31 

31 

31 

30 

45 

49 

59 

58 

53 

42 

36 

32 

41 

1977 

32 

32 

33 

36 

47 

59 

60 

59 

51 

42 

34 

33 

43 

1978 

33 

33 

32 

33 

42 

52 

58 

58 

50 

41 

35 

34 

42 

1979 

34 

33 

32 

47 

48* 

42 

33 

32 

40* 

1980 

32 

32 

32 

33 

43* 

48 

51 

41 

34 

32 

40* 

1981 

32 

32 

32 

43 

45 

50 

38 

35 

33 

40* 

'Estimated  from  partial  records. 
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Table  27.— Mean  monthly  soil  temperature  at  a  depth  of  20  inches  for  residue  utilization  study 
sites  (°F) 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Group  Selection 

1975 

44 

52 

51 

49 

44 

37 

33 

41* 

1976 

33 

31 

30 

32 

43 

46 

52 

54 

51 

45 

38 

35 

41 

1977 

32 

32 

33 

37 

45 

52 

54 

56 

52 

46 

38 

35 

43 

1978 

35 

34 

33 

37 

42 

48 

54 

56 

42* 

Uncut 

1974 

55 

56 

56 

52 

47 

42 

37 

45* 

1975 

36 

35 

35 

35 

39 

46 

55 

54 

52 

47 

40 

37 

43 

1976 

36 

34 

34 

35 

41 

45 

51 

53 

52 

47 

42 

37 

42 

1977 

33 

32 

34 

37 

44 

50 

53 

57 

53 

47 

41 

38 

43 

1978 

38 

37 

38 

40 

45 

49 

54 

55 

53 

45* 

Shelterwood 

1974 

49 

46 

41 

37 

35 

40* 

1975 

34 

32 

32 

32 

35 

43 

51 

50 

48 

43 

38 

34 

39 

1976 

34 

34 

34 

32 

39 

44 

51 

54 

53 

47 

41 

37 

42 

1977 

36 

36 

35 

36 

43 

50 

54 

56 

51 

45 

40 

38 

43 

1978 

37 

37 

36 

35 

41 

47 

52 

54 

50 

46 

42* 

Clearcut 

1974 

46 

46 

38 

36 

34 

40* 

1975 

33 

33 

31 

33 

34 

42 

51 

50 

46 

41 

35 

33 

39 

1976 

33 

33 

32 

31 

40 

44 

52 

52 

49 

42 

36 

34 

40 

1977 

33 

32 

33 

33 

42 

50 

52 

53 

48 

42 

36 

34 

41 

1978 

34 

34 

33 

33 

39 

47 

53 

54 

41* 

'Estimated  from  partial  records. 
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Table  28.— Mean  daily  wind  run  by  month  for  residue  utilization  study  sites  (mi/h)  at  10  feet 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group  Selection-N 

1975 

1 

2 

1 

1 

1 

1 

1 

1976 

1 

1 

1 

1 

2 

1 

2 

1 

1 

Group  Selection-D 

1975 

2 

2 

1 

2 

1 

1 

1 

1976 

1 

2 

2 

2 

2 

2 

2 

1 

1 

Uncut-N 

1973 

0 

0 

0 

1974 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1975 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1976 

1 

1 

1 

1 

1 

1977 

0 

1 

1 

1 

Uncut-D 

1973 

1 

0 

0 

1974 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1975 

1 

1 

1 

2 

1 

1 

1 

1 

0 

1976 

1 

1 

1 

1 

1 

1977 

0 

1 

1 

1 

Shelterwood-N 

1974 

1 

1 

1 

1 

0 

1975 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1976 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Shelterwood-D 

1974 

2 

2 

1 

1 

0 

1975 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1976 

1 

1 

1 

2 

2 

2 

2 

2 

1 

1 

1 

Clearcut-N 

2 

2 

2 

1973 

0 
2 
2 

1 
1 
2 

0 

1974 

0 

0 

1 

0 

1 

1975 

2 

1 

2 

2 

2 

2 

2 

1 

1976 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

1977 

1 

2 

2 

2 

Clearcut-D 

3 

3 

2 

1973 

0 

2 
2 

1 
1 
2 

0 

1974 

1 

1 

1 

1 

1 

1975 

2 

2 

2 

3 

3 

3 

3 

1 

1976 

1 

2 

2 

2 

3 

3 

3 

2 

2 

2 

1 

1 

1977 

1 

1 

2 

2 

1N  =  night  period  is  0100-0700  and  1900-2400. 
D  =  daylight  hours  are  0800-1800. 
2Period  before  cutting. 
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Table  29.— Mean  daily  wind  azimuth  by  month  for  residue  utilization  study  sites  at  10  feet 


Site 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Group    Selection-N1 

1975 

SW 

SW 

W 

W 

SW 

SW 

S 

1976 

SW 

SW 

SW 

SW 

SW 

SW 

w 

W 

w 

s 

Group    Selection-D1 

1975 

SE 

SE 

S 

s 

SW 

s 

S 

1976 

s 

SE 

SE 

SE 

SE 

SE 

SE 

S 

SE 

s 

Uncut-N 

1973 

SW 

w 

w 

1974 

SW 

S 

S 

S 

SW 

SW 

S 

s 

SW 

SW 

w 

SW 

1975 

SW 

w 

SW 

w 

w 

S 

w 

w 

w 

1976 

w 

SW 

w 

w 

SW 

w 

1977 

SW 

w 

SW 

w 

Uncut-D 

1973 

s 

s 

SW 

1974 

SW 

s 

S 

s 

SE 

SE 

SE 

SE 

SE 

s 

SW 

SW 

1975 

w 

s 

s 

SE 

S 

S 

SW 

SW 

SW 

1976 

SW 

SW 

s 

s 

SE 

SW 

1977 

s 

SW 

s 

s 

Shelterwood-N 

1974 

SW 

SW 

SW 

SW 

SW 

1975 

SW 

s 

s 

S 

SW 

w 

SW 

SW 

SW 

s 

1976 

SW 

s 

SW 

SW 

SW 

SW 

w 

SW 

w 

w 

w 

SW 

Shelterwood-D 

1974 

E 

SE 

SE 

s 

S 

1975 

SE 

E 

E 

SE 

SE 

SE 

SE 

SE 

s 

SE 

1976 

SW 

SE 

E 

SE 

SE 

E 

E 

E 

S 

S 

SW 

w 

Clearcut-N 

2 

1973 

S 

w 

SE 
S 

s 

1974 

SW 

SW 

S 

SW 

s 

1975 

SW 

S 

SW 

S 

S 

SW 

SW 

SW 

SW 

SW 

s 

s 

1976 

SW 

S 

s 

S 

S 

s 

SW 

SW 

SW 

SW 

SW 

sw 

1977 

SW 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific knowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,   Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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This  extension  to  the  Prognosis  Model  predicts 
regeneration  resulting  from  harvesting  and  site 
preparation  operations  in  the  Northern  Rocky  Moun- 
tains. Version  1.0  of  the  Regeneration  Establishment 
Model  covers  the  grand  fir-cedar-hemlock  ecosystem 
which  includes  10  coniferous  species.  It  represents 
regeneration  from  both  even-aged  and  uneven-aged 
silvicultural  systems.  The  Regeneration  Establishment 
Model  is  used  as  a  submodel  to  Version  5.0  of  the 
Prognosis  Model.  The  Prognosis  Model  contains 
several  new  representations  of  growth  rates  for  small 
trees  that  improve  its  realism  for  early  stand  develop- 
ment. Stand  projections  from  one  rotation  through  the 
next  are  now  possible,  enabling  forest  managers  to 
assess  future  productivity  of  the  new  stand,  coupled 
with  intermediate  stand  density  control,  if  desired. 
Discussed  are  model  characteristics,  prescription  op- 
tions, program  control,  and  regeneration  summaries, 
each  with  accompanying  examples. 
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User's  Guide  to  the 
Regeneration  Establishment 
Model— a  Prognosis 
Model  Extension 


Dennis  E.  Ferguson 
Nicholas  L.  Crookston 


INTRODUCTION 

Regenerating  cutover  areas  is  perhaps  the  most  critical  phase  in  the  life  of  a 
stand  because  productivity  lost  by  poor  stocking  or  delays  in  obtaining  stock- 
ing can  never  be  regained.  The  time  needed  to  regenerate  the  stand,  number  of 
seedlings,  and  species  composition  of  the  new  stand  constrain  management  of 
the  stand  throughout  its  life.  The  National  Forest  Management  Act  of  1976 
specifies  a  time  frame  for  obtaining  adequate  stocking  and  State  forestry  prac- 
tices acts  have  recognized  the  need  to  set  stocking  standards.  Corporate  and 
private  landowners  also  realize  the  necessity  of  restocking  their  forests  follow- 
ing harvest  operations. 

The  chances  of  achieving  a  regeneration  goal  depend  on  many  factors,  only 
some  of  which  the  manager  can  control.  Sometimes  the  most  carefully  executed 
plans  fail  and  in  other  circumstances  regeneration  appears  without  any  effort. 
Managers  need  to  know  which  of  several  regeneration  prescriptions  has  the 
best  possibility  of  achieving  their  goal.  The  Regeneration  Establishment  Model, 
an  addition  to  the  Prognosis  Model  (Stage  1973;  Wykoff  and  others  1982),  is  a 
tool  land  managers  can  use  to  forecast  the  results  of  silvicultural  prescriptions 
for  both  even-aged  and  uneven-aged  stands.  The  combined  Regeneration 
Establishment/Prognosis  Model  can  be  used  to  evaluate  expected  results  of 
regeneration  prescriptions  and  to  project  future  stand  development.  New  areas 
of  applicability  include  the  following  circumstances: 

•  In  a  stand  about  to  be  harvested,  to  determine  if  one  or  more  prescriptions 
meets  the  regeneration  objective. 

•  In  a  stand  already  harvested,  to  evaluate  the  need  to  augment  existing 
stocking. 

•  As  a  standard  of  comparison— either  to  evaluate  past  performance  or  to 
set  future  regeneration  goals. 

•  To  establish  harvesting  schedules. 

•  To  evaluate  regional  timber  resources. 

•  Other  forest  uses  in  the  areas  of  wildlife,  water,  esthetics,  etc. 

Version  1.0  of  the  Regeneration  Establishment  Model  becomes  available  with 
Version  5.0  of  the  Prognosis  Model.  The  Prognosis  Model  has  been  enhanced  to 
more  accurately  predict  growth  of  seedling-to-sapling  size  trees.  Growth  rates 
of  small  trees  in  Version  5.0  of  the  Prognosis  Model  now  are  calculated  by  func- 
tions that  are  more  sensitive  to  effects  of  stand  density  on  diameter  increment 
of  trees  less  than  3.0  inches  (7.6  cm)  diameter  at  breast  height  (d.b.h.). 
Although  there  are  other  improvements  in  Version  5.0,  procedures  for  using  the 
system  described  by  Wykoff  and  others  (1982)  still  apply. 


Predicting 

New  Tree  Records 


Where  the  Model 
is  Applicable 


The  Regeneration  Establishment  Model  simulates  the  regeneration  process  by 
creating  a  list  of  tree  records  describing  the  new  trees  on  1/300-acre 
(0.00135-ha)  plots.  This  simulation  is  based  on  predictive  equations  derived 
from  analysis  of  almost  5,000  plots  (Ferguson  and  others,  manuscript  in  prog- 
ress). Tree  records  are  summarized  in  a  table  reporting  the  average  probability 
of  stocking  for  1/300-acre  (0.00135-ha)  plots,  total  trees  per  acre  for  each 
species,  identification  of  best  trees  from  the  list  of  total  trees,  again  by  species, 
and  average  estimated  heights  of  established  seedlings.  New  tree  records  are 
passed  to  the  Prognosis  Model  where  growth  and  development  of  the  stand  are 
simulated. 

To  predict  regeneration,  the  current  stand  inventory  is  used  along  with  a 
user-supplied  silvicultural  prescription.  The  ways  in  which  the  inventory  is 
input  and  managed  over  time  are  explained  by  Wykoff  and  others  (1982).  This 
report  provides  a  supplement  that  describes  additional  options  available  with 
the  establishment  model. 

The  silvicultural  prescription  options  now  available  include  planting  and  three 
types  of  site  preparation:  burning,  mechanical  scarification,  and  none.  Dates  of 
site  preparation(s)  are  controlled  by  the  user,  and  each  can  be  applied  to  a 
specified  percentage  of  the  inventory  plots.  Alternatively,  site  preparation  in- 
ventories from  individual  plots  within  the  stand  may  be  used  directly,  if 
desired.  The  user  can  also  control  species  planted,  year  of  planting,  trees  per 
acre  planted,  and  expected  survival.  Natural  regeneration  is  predicted  in- 
dependently from  the  planted  trees. 

Version  1.0  of  the  Regeneration  Establishment  Model  is  calibrated  for  the 
grand  fir-cedar-hemlock  ecosystem  in  Idaho  north  of  the  Salmon  River, 
northeastern  Washington,  and  northwestern  Montana.  This  ecosystem  includes 
the  Abies  grandis/Pachistima  myrsinites  (grand  fir/pachistima),  Thuja  plicata/ 
Pachistima  myrsinites  (cedar/pachistima),  and  Tsuga  heterophylla/ 
Pachistima  myrsinites  (western  hemlock/pachistima)  habitat  types  (Daubenmire 
and  Daubenmire  1968). i  Also  included  in  the  present  version  of  the  model  are 
predictive  equations  for  the  lower  elevational  limits  of  the  Abies  lasiocarpa/ 
Pachistima  myrsinites  (subalpine  fir/pachistima)  habitat  type.  Many  of  these 
plots  represent  ecotones  on  the  lower  fringes  of  the  Abies  lasiocarpa/Pachistima 
myrsinites  habitat  type. 

These  four  habitat  types  are  collectively  called  the  Pachistima  union.  The 
Pachistima  union  is  a  moist  upland  environment  generally  found  at  mideleva- 
tions  within  forested  areas  of  the  Northern  Rocky  Mountains.  The  Abies 
grandis/Pachistima  myrsinites  habitat  type  is  the  warmest  and  driest  of  the 
habitat  types  in  the  Pachistima  union,  with  the  Thuja  plicata/Pachistima 
myrsinites  and  Tsuga  heterophylla/Pachistima  myrsinites  being  progressively 
cooler  and  wetter.  The  Abies  lasiocarpa/Pachistima  myrsinites  habitat  type  is 
the  coldest  and  wettest  of  the  four  habitat  types  represented  in  the  model. 


habitat  type  names  using  Pachistima  myrsinites  or  Clintonia  uniflora  are  interchangeable. 
Pachistima  myrsinites  is  an  indicator  plant  used  by  the  Daubenmires  in  their  classification  system. 
Other  ecologists  (Pfister  and  others  1977;  Steele  and  others  1981)  use  the  herbaceous  plant  Clintonia 
uniflora  to  denote  the  same  understory  climax  community. 


J 


HOW  THE  MODEL  WORKS 

This  section  describes  some  of  the  general  mechanics  of  the  model.  The 
theoretical  concepts  can  be  found  in  Stage  and  Ferguson  (1982)  and  Ferguson 
and  others  (manuscript  in  progress). 

The  Prognosis  Model  can  begin  simulation  using  inventory  data  from  any 
stage  in  the  life  of  a  stand.  This  feature  has  been  retained  in  the  establishment 
model.  After  a  disturbance  has  been  simulated,  the  establishment  model  can  be 
invoked.  (We  use  the  word  "disturbance"  rather  than  "cutting"  because  the 
opening  up  of  the  stand  can  be  caused  by  many  processes  other  than 
harvesting.)  The  regeneration  model  can  represent  the  status  of  regeneration  at 
any  time  from  3  to  20  years  after  disturbance,  with  the  time  specified  either  by 
the  user  or  by  logic  contained  in  the  Prognosis  Model. 


How  the  Model 

Displays 

Regeneration 


Regeneration  is  reported  in  two  summaries,  each  called  a  "tally."  A  tally  is 
an  inventory  of  the  new  trees  which  is  passed  to  the  Prognosis  Model.  The  user 
can  specify  tally  dates  in  a  similar  manner  that  a  stand  is  scheduled  for  a 
regeneration  inventory  at  a  future  date  (fig.  1). 


O 

z 

o 
o 

I- 
</> 

LL. 

o 

>- 
I- 


m 

< 

CO 

O 

oc 

a. 


YEARS  SINCE  DISTURBANCE 


Figure  1.  Generalized  representation  of  increased 
probability  of  stocking  over  time  for  a  1/300-acre 
(0.00135-ha)  plot.  Two  regeneration  tally  dates  are 
controlled  by  the  user.  The  first  tally  of  regenera- 
tion can  be  scheduled  between  3  and  10  years 
since  disturbance  and  the  second  tally  scheduled 
following  the  first  tally  and  up  to  20  years  after 
disturbance.  Default  dates  are  10  and  20  years 
since  disturbance. 


Each  tally  reports  the  probability  of  stocking,  total  trees  per  acre  by  species, 
a  subsample  of  the  best  trees  in  the  new  stand,  and  average  tree  heights.  Im- 
portant independent  variables  used  to  predict  regeneration  include  habitat  type, 
aspect,  slope  percent,  site  disturbance,  topographic  position,  elevation,  time 
since  last  disturbance,  residual  overstory  density  and  species  composition,  and 
geographic  location.  Table  1  provides  an  overview  of  how  these  variables  are 
used. 


Table  1.— Summary  of  dependent  and  independent  variables  used  in  the  Regeneration  Establish- 
ment Model.  A  s  indicates  those  independent  variables  used  to  predict  the  dependent 
variable. 
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The  first  tally  of  regeneration  can  be  scheduled  at  any  time  between  3  and  10 
growing  seasons  from  the  year  of  disturbance.  Planting  and  site  preparation 
can  be  done  during  the  first  tally.  Also,  surviving  advance  regeneration  will  be 
predicted  if  these  trees  are  not  already  in  the  inventory.  Advance  trees  are 
those  that  germinated  and  became  established  prior  to  the  disturbance.  When  a 
stand  inventory  has  been  taken  within  20  years  of  the  first  summary,  it  is 
assumed  that  advance  trees  were  recorded.  If  this  has  not  been  done,  the  user 
may  so  indicate  and  the  regeneration  model  will  predict  this  component  of  the 
regeneration. 

During  the  first  tally,  the  model  also  calibrates  the  probability  of  stocking  to 
adjust  for  differences  between  the  actual  inventory  and  the  predicted  stocking. 
This  feature  adjusts  the  stocking  curve  (predicted)  to  coincide  with  a  known 
reference  point  (inventory).  Obviously  a  stand  already  stocked  with  many  trees 
per  acre  has  little  room  left  for  increases  in  stocking  whereas  each  additional 
seed  germinating  in  a  sparsely  stocked  stand  has  a  greater  probability  of 
establishing  a  seedling  in  a  nonstocked  area. 


The  second  tally  describes  only  regeneration  becoming  established  after  the 
first  tally.  Site  preparation(s)  assigned  to  individual  plots  in  the  first  tally  are 
the  same  in  the  second  tally.  Regeneration  occurring  after  20  years  is  not 
accounted  for  until  another  disturbance  takes  place,  at  which  time  these  trees 
will  be  introduced  as  advance  regeneration. 

Data  Requirements        The  regeneration  model  is  designed  to  utilize  inventory  data  from  a  sample  of 

1/300-acre  (0.00135-ha)  circular  plots  that  are  representative  of  the  stand.  Each 
plot  is  projected  separately  so  that  the  unique  qualities  of  the  plot  are  used  in 
the  prediction.  Microsite  variation  among  plots  within  a  stand  was  found  to  be 
correlated  with  regeneration  success  and  this  variation  seen  in  nature  is  re- 
tained by  predicting  outcomes  plot  by  plot.  Program  logic  utilizes  stand  inven- 
tory data  in  the  event  that  plot  values  have  not  been  provided.  If  default  stand 
values  are  used,  each  plot  within  the  stand  is  assigned  the  appropriate  stand 
value.  Thus  the  degree  of  resolution  for  the  regeneration  model  is  somewhat 
controlled  by  the  user. 

The  number  of  inventory  plots  to  use  as  input  to  the  model  depends  on 
microsite  variation  within  the  stand.  A  completely  homogeneous  stand  could  be 
represented  by  one  plot,  with  stand  attributes  serving  as  the  default  values  for 
the  regeneration  model.  An  added  feature  replicates  the  number  of  plots  until 
50  are  available  for  projection.  Plot  replication  insures  that  plots  within  the 
stand  vary  in  such  things  as  number  of  trees  per  plot,  species  composition  of 
seedlings,  and  initial  tree  heights. 

The  use  of  plot  sizes  other  than  1/300-acre  (0.00135  ha)  is  permissible  if  the 
user  is  willing  to  assume  that  site  descriptions  are  applicable.  The  reported 
probability  of  stocking  assumes  a  1/300-acre  (0.00135-ha)  plot  size;  however, 
conversions  to  other  plot  sizes  are  possible  (Wellner  1940;  Lynch  and 
Schumacher  1941;  Stage  1969). 

Another  important  model  concept  deals  with  what  we  call  "best  trees." 
Although  we  include  all  established  seedlings  in  the  summaries,  best  trees  play 
a  key  role  in  the  linkage  to  the  Prognosis  Model.  The  idea  of  best  trees  results 
from  the  fact  that  often  more  trees  occupy  the  growing  space  than  can  be  ex- 
pected to  produce  a  commercial  product  later  in  the  rotation  (Wellner  1940).  By 
featuring  a  few  trees  on  each  stocked  plot,  attention  is  focused  on  the  growing 
stock  that  will  contribute  to  yield.  Best  trees  are  chosen  by  the  following  rules: 

•  Select  the  two  tallest  trees  on  each  1/300-acre  (0.00135-ha)  plot  regardless 
of  species. 

•  Select  the  tallest  one  tree  of  each  additional  species  represented  on  the 
plot. 

•  If  the  first  two  rules  do  not  total  four  trees,  select  in  order  of  descending 
height  from  any  remaining  trees,  if  present,  until  four  are  chosen. 

These  rules  assume  that  within  each  species  the  tallest  trees  on  the  plot  are 
the  most  likely  to  survive  and  grow  well.  Reporting  at  least  one  tree  of  each 
species  present  on  the  plot  also  gives  a  better  picture  of  the  distribution  of  that 
species  throughout  the  stand.  Future  predictions  about  the  stand  can  then  ac- 
count for  differing  rates  of  development  between  species.  All  best  trees  are 
passed  to  the  Prognosis  Model  for  simulation  of  future  stand  development  and 
are  coded  as  being  "desirable"  trees  (see  tree  value  class  codes,  p.  16  and  99  in 
Wykoff  and  others  1982).  Trees  not  chosen  as  best  trees  are  called  "excess 
trees."  Up  to  five  excess  trees  of  each  species  present  on  the  plot  are  also 


passed  to  the  Prognosis  Model  but  are  coded  as  being  "acceptable"  trees.  Thin- 
nings simulated  by  the  Prognosis  Model  can  use  these  codes  to  remove  accept- 
able trees  before  desirable  tree  records. 

Planting  of  the  stand  can  be  scheduled  any  time  prior  to  the  year  of  the  first 
tally.  The  user  specifies  the  year  of  planting,  species,  trees  per  acre,  and  ex- 
pected survival  of  each  species  planted.  These  trees  are  added  to  the  inventory 
just  before  best  trees  are  selected,  thereby  allowing  planted  trees  to  compete 
with  natural  regeneration  during  the  selection  process  for  best  trees.  Planted 
trees  are  coded  as  "desirable"  if  chosen  as  a  best  tree  or  "acceptable"  if  not  a 
best  tree. 

The  reported  probability  of  stocking  is  for  natural  regeneration  only.  Ade- 
quate historical  records  were  not  available  to  model  plantations  using  retrospec- 
tive examination  procedures.  We  feel  that  model  users  should  have  direct  con- 
trol of  plantation  survival  because  planting  technology  can  change  rapidly,  and 
knowledge  of  recent  experience  in  an  area  is  irreplaceable. 


Inventory 
Considerations 
that  Improve 
Predictions 


The  data  for  the  model  were  collected  by  a  set  of  rules  on  an  individual  plot- 
by-plot  inventory.  Equations  are  sensitive  to  variation  within  a  stand.  To  cap- 
ture the  full  power  of  the  model,  inventories  for  use  by  the  regeneration  model 
should: 

•  Inventory  microsite  (fixed  plot)  attributes  (slope  percent,  aspect,  site 
disturbance,  habitat  type,  topographic  position,  and  plot  stockability)  at  each 
sample  point.  We  used  a  1/300-acre  (0.00135-ha)  circular  fixed-area  plot. 

•  Set  minimum  height  requirements  for  trees  to  be  recorded  as  established. 
We  recorded  trees  that  were  a  minimum  of  0.5  foot  (15  cm)  tall  if  shade 
tolerant  and  1.0  foot  tall  (30  cm)  if  shade  intolerant  (see  appendix  A).  Maximum 
size  for  all  regeneration  was  3.0  inches  (7.6  cm)  d.b.h. 

•  Identify  best  trees  on  each  plot  as  outlined  in  the  previous  section  on  data 
requirements. 

•  Record  overstory  density  and  species  composition  at  each  plot. 
Overstory/understory  plot  identification  now  needs  to  be  closely  coordinated. 

EXAMPLE  OF  REGENERATION  ESTIMATES 

An  example  of  regeneration  model  output  will  show  results  of  cutting  the 
same  stand  (S248112)  used  by  Wykoff  and  others  (1982).  In  their  example,  a 
shelterwood  cutting  of  35  trees  per  acre  (86  trees  per  ha)  was  simulated.  Leave 
trees  were  primarily  Douglas-fir  and  grand  fir.  Stand  S248112  is  on  the  St.  Joe 
National  Forest  at  an  elevation  of  3,400  feet  (1  036  m),  northwest  aspect,  25  to 
35  percent  slope,  and  the  habitat  type  is  Tsuga  heterophylla/Pachistima 
myrsinites.  The  input'  records  needed  to  simulate  this  silvicultural  prescription 
are  shown  in  figure  2. 

The  regeneration  model  was  invoked  by  inserting  two  records  into  the 
keyword  record  file.  The  first  keyword  is  ESTAB  with  the  year  of  disturbance 
in  field  1  and  the  second  is  END  denoting  the  end  of  a  packet  of  establishment 
keywords.  (The  use  of  keywords  is  explained  in  the  next  section.)  Output  from 
the  regeneration  model  is  shown  in  figure  3. 
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Figure  2.  Sample  keyword  record  file  to  project  stand 
S248112  using  the  combined  Prognosis  Model/Regenera- 
tion Establishment  Model. 


********************* 
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*  REGENERATION  ESTABLISHMENT  MODEL  VERSION  1.0 
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REGENERATION <3"DBH) 
BEING  PROJECTED  BY 
THE  PROGNOSIS  MODEL. 
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Figure  3.  Regeneration  Establishment  Model  output.  These 
results  are  obtained  by  projecting  stand  S248112  shown  in 
figure  2. 
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In  the  fall  of  2046,  there  are  2,944  total  trees  per  acre  (7  275  trees  per  ha)  of 
which  827  per  acre  (2  044  per  ha)  are  identified  as  best  trees.  The  probability  of 
stocking  is  0.7706  after  10  growing  seasons.  There  is  also  a  table  displaying  all 
trees  in  the  tree  list  less  than  3.0  inches  (7.6  cm)  d.b.h.  that  are  being  projected 
by  the  Prognosis  Model.  These  trees  can  be  a  mixture  of  regeneration  input  by 
the  inventory,  best  trees  passed  by  the  regeneration  model,  planted  trees,  and 
excess  trees.  In  this  case,  the  trees  are  all  best  or  excess  trees.  No  tree  records 
from  the  1977  inventory  would  be  less  than  3.0  inches  (7.6  cm)  d.b.h.  in  2046, 
and  no  trees  were  planted  in  this  example. 

The  second  tally  is  summarized  in  the  fall  of  2056  at  which  time  2,412  more 
trees  per  acre  (5  960  per  ha)  regenerate,  132  per  acre  (326  per  ha)  of  these  being 
best  trees.  The  current  regeneration  table  now  contains  new  trees  from  the 
second  tally  plus  trees  still  in  the  inventory  from  the  first  tally  of  regeneration. 

Model  output  considers  several  aspects  of  the  regeneration: 

•  The  probability  of  stocking,  a  number  between  0.0  and  1.0,  indicating  the 
proportion  of  stocked  plots. 

•  The  inventory  of  total  trees  per  acre,  listed  by  species. 

•  A  summary  table  of  the  best  trees  from  the  current  tally  of  regeneration. 

•  The  regeneration-size  trees  currently  being  projected  by  the  Prognosis 
Model. 

The  Prognosis  Model  summary  statistics  table  for  this  stand  is  in  figure  4. 
Regeneration  appears  in  the  list  of  trees/acre  in  the  years  2047  and  2057. 
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ACTIVITY  SUMMARY 

HYPOTHETICAL  PRESCRIPTION  FOR  USER'S  MANUAL 
(WITH  REGENERATION  MODEL) 
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Figure  4.  Summary  tables  from  projecting  stand  S248112 
with  the  combined  Prognosis  Model/Regeneration 
Establishment  Model.  The  stand  was  projected  using  the 
silvicultural  prescription  shown  in  figure  2.  Regeneration 
appears  in  the  tree  list  in  the  years  2047  and  2057. 


How  to  Enter 
Your  Information 


The  regeneration  model  is  controlled  through  the  use  of  keywords.  The 
keyword  system  is  explained  by  Wykoff  and  others  (1982);  only  those  keywords 
pertinent  to  understanding  the  regeneration  model  are  explained  in  this  paper. 

The  first  keyword  in  the  regeneration  list  is  always  ESTAB,  and  the  last  one 
is  always  END.  The  ESTAB  keyword  means  that  records  to  follow  are  for  the 
regeneration  extension,  and  the  END  keyword  signifies  the  end  of  regeneration 
keywords.  Each  keyword  is  left-justified  in  the  first  10  columns  of  the  record. 
The  next  seven  10-column  fields,  called  parameter  fields,  are  used  to  transmit 
numeric  data.  Numeric  data  should  include  a  decimal  point  or  be  right-justified 
within  the  parameter  field  if  no  decimal  is  included.  Not  all  seven  fields  are 
used  on  every  keyword  record. 

Table  2  lists  keywords  and  parameter  fields  for  the  establishment  extension. 
Keywords  fall  into  three  general  classes— those  used  to  specify  silvicultural 


Table  2.— Keywords  and  parameter  fields  specific  to  the  regeneration  establishment  extension. 
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value 
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prescriptions,  those  for  program  control,  and  prediction  modifiers.  We  have 
shown  some  sample  keyword  packets  in  appendix  C.  Use  of  regeneration  model 
keywords  follows. 

ESTAB  The  ESTAB  keyword  is  used  to  enter  the  year  of  disturbance 

and  to  signal  that  the  keywords  to  follow  are  for  the  regenera- 
tion extension. 

field  1:  Year  of  disturbance.  This  year  corresponds  to  the  year 
the  cutting  was  simulated.  Some  care  is  necessary  to 
insure  that  the  year  of  disturbance  in  this  field  cor- 
responds to  the  cycle  boundary  of  the  harvest  simula- 
tion as  reported  by  the  Prognosis  Model.  Examine  the 
example  shown  in  figure  2  and  figure  4.  The  THINBTA 
cutting  specified  for  the  year  2040  was  accomplished  in 
2037.  This  is  why  the  year  2037  was  specified  on  the 
ESTAB  keyword  record.  The  Prognosis  Model  will 
automatically  schedule  calls  to  the  regeneration  model 
at  10  and  20  growing  seasons  after  the  year  in  field  1. 
If  output  is  desired  at  times  other  than  10  and  20 
growing  seasons,  use  the  keywords  TALLYONE  and 
TALLYTWO  to  specify  output  years. 

PLANT  Specifies  that  planting  is  to  be  simulated.  A  separate  PLANT 

record  is  necessary  for  each  species  planted.  Planted  trees  are 
an  addition  to  natural  regeneration  but  do  compete  with 
naturals  in  the  best  tree  selection  process.  The  STOCKADJ 
keyword  can  be  used  in  conjunction  with  planting  to  suppress 
natural  regeneration  so  that  only  planted  trees  are  passed  to 
the  Prognosis  Model. 

field  1:  Year  the  planting  is  to  be  done.  Planting  can  be 

simulated  any  time  prior  to  the  first  regeneration  tally 
date. 

field  2:  Species  code  for  planted  trees.  Refer  to  appendix  A  for 
numeric  species  codes. 

field  3:  Number  of  trees  per  acre  to  be  planted  for  the  species 
indicated  in  field  2. 

field  4:  Expected  survival  for  this  species,  expressed  as  a 

percentage,  at  the  time  of  the  first  tally  date.  If  field  4 
is  blank,  survival  will  be  100  percent.  The  time  period 
to  use  for  calculating  survival  is  from  the  year  of 
planting  to  the  year  of  the  first  tally  plus  one  year. 
Example:  The  stand  is  cut  in  1980,  planted  in  1982, 
and  the  first  tally  of  regeneration  is  scheduled  for  the 
fall  of  1989.  The  number  of  growing  seasons  (assuming 
spring  planting)  is  1989  -  1982  +  1  =  8. 
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BURN  PREP         Three  types  of  site  preparation  can  be  selected:  burning, 
MECHPREP        mechanical  scarification,  and  no  disturbance.  Each  inventory 
plot  receives  one  site  preparation  method.  (If  desired,  site 
preparations  can  be  assigned  to  individual  plots.  See  discussion 
of  the  PLOTINFO  keyword  and  the  section  entitled  Prognosis 
Model  Version  5.0.) 

When  site  preparation  treatments  have  not  been  specified  or 
assigned,  default  equations  are  invoked.  These  equations 
predict  the  proportion  of  the  stand  receiving  each  of  the  three 
treatments  based  on  site  characteristics  such  as  slope,  aspect, 
habitat  type,  residual  basal  area,  elevation,  and  topographic 
position.  Data  used  to  calibrate  these  equations  were  from 
stands  not  treated  by  post-harvest  scarification  or  broadcast 
burning  and  reflect  historical  trends  in  the  grand  fir-cedar- 
hemlock  ecosystem  for  the  period  1960  through  1972. 

The  BURNPREP  keyword  is  for  burning  and  MECHPREP  for 
mechanical  scarification.  The  sum  of  mechanical  and  burn 
treatments  must  be  less  than,  or  equal  to,  100  percent.  If  the 
sum  is  less  than  100  percent,  the  difference  will  be  the  percent- 
age of  plots  that  are  undisturbed. 

field  1:  Year  of  site  preparation. 

field  2:  Percentage  of  plots  to  be  treated.  Default  is  0.0. 

TALLYONE         The  TALLYONE  and  TALLYTWO  keywords  can  be  used  to 
TALLYTWO         schedule  regeneration  summaries  other  than  at  10  and  20  grow- 
ing seasons  after  a  disturbance.  A  TALLYONE  keyword  can 
specify  output  at  years  between  3  to  10  growing  seasons  after 
the  disturbance.  TALLYTWO  can  be  specified  any  time  after 
the  TALLYONE  record  up  to  20  growing  seasons  after  disturb- 
ance. TALLYONE  and  TALLYTWO  dates  must  fall  within  the 
cycle  regeneration  is  desired.  Regeneration  is  reported  at  the 
end  of  that  cycle  and  is  predicted  using  the  number  of  elapsed 
growing  seasons.  Therefore,  a  stand  cut  in  2040  has  five  grow- 
ing seasons  if  the  next  cycle  begins  in  2045.  The  first  tally  of 
regeneration  would  be  reported  in  the  fall  of  2044  in  this  case. 
When  a  TALLYONE  keyword  is  used,  the  second  tally  of 
regeneration  is  not  automatically  scheduled.  To  get  the  second 
tally,  a  TALLYTWO  keyword  record  is  necessary. 

field  1:  Year  the  tally  of  regeneration  is  passed  to  the  Prog- 
nosis Model  and  the  summary  printed. 

field  2:  An  optional  field  to  supply  a  year  of  disturbance  which 
takes  precedence  over  the  year  of  disturbance  entered 
in  field  1  of  the  ESTAB  keyword  record.  Thus  it  is 
possible  to  schedule  more  than  one  TALLYONE  or 
more  than  one  TALLYTWO  in  the  same  packet  of 
regeneration  keywords. 
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EZCRUISE  We  assume  that  the  inventory  supplied  by  the  user  includes 

any  regeneration  presently  in  the  stand.  This  assumption  was 
necessary  because  it  is  not  possible  to  distinguish  between  an 
inventory  design  that  does  not  count  small  trees  and  one  that 
does,  but  no  small  trees  were  found.  If  the  inventory  did  not 
record  small  trees,  use  this  keyword  to  let  the  model  predict 
the  small  tree  component  at  the  time  of  the  inventory.  This 
prediction  will  be  a  mixture  of  advance  and  subsequent 
regeneration  depending  on  the  number  of  years  since  the  last 
disturbance.  Program  logic  keeps  track  of  the  last  time  the 
advance  component  of  regeneration  was  accounted  for. 
Whenever  20  years  have  elapsed  and  a  TALLYONE  is  sched- 
uled, advance  regeneration  will  be  added  to  the  inventory. 
Therefore  the  EZCRUISE  keyword  needs  to  be  used  only  during 
the  first  20  years  since  the  stand  inventory  and  only  if  trees 
under  3.0  inches  d.b.h.  were  not  recorded.  No  parameter  fields 
are  associated  with  this  keyword. 

PLOTINFO  Plot  variables  can  be  entered  with  the  PLOTINFO  keyword 

which  initiates  the  reading  of  individual  plot  records  to  obtain 
values  for  slope,  aspect,  habitat  type,  etc. 

field  1:  The  value  in  this  field  defines  where  supplemental  data 
records  are  found.  When  blank,  supplemental  data 
records  are  assumed  to  follow.  If  there  is  a  positive 
number  in  field  1,  it  is  accepted  as  a  reference  number 
indicating  a  dataset  on  which  the  plot  records  are 
stored. 

Supplemental  data  records  following  the  PLOTINFO 
keyword  must  contain  one  record  per  plot.  From  each 
record  is  read  plot  identification,  slope  percent,  aspect, 
habitat  type,  topographic  position,  and  site  prepara- 
tion. Columns  for  plot  characteristics  are  listed  below 
and  numeric  codes  are  listed  in  appendix  B. 

Columns  1-10:  Plot  identification  number  coded  the  same  as 
variable  ITRE  in  the  Prognosis  Model.  A  card  with  ITRE  coded 
as  any  negative  number  denotes  the  end  of  PLOTINFO  sup- 
plemental data  records  and  must  be  present.  See  the  example 
in  appendix  C. 

Column  11:  Slope  percent  code. 

Column  12:  Aspect  code. 

Columns  13-15:  Habitat  type  code. 

Column  16:  Topographic  position. 

Column  17:  Site  preparation.  In  addition  to  none,  mechanical 
scarification,  and  burning,  it  is  possible  to  record  if  the  plot 
falls  on  a  road  cut,  road  fill,  or  road  bed  of  roads  available  for 
regeneration. 
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OUTPUT  A  keyword  used  to  control  the  kind  of  printed  output  desired 

from  the  regeneration  model.  The  OUTPUT  keyword  need  not 
be  used  except  to  change  the  default  output  shown  in  figure  3. 

field  1:  Numeric  code  for  the  level  of  printed  output  desired. 
Code  "0"  suppresses  all  output,  but  new  tree  records 
are  still  passed  to  the  Prognosis  Model.  Code  "1"  is 
the  default  output  shown  in  figure  3.  Code  "2"  prints 
program  calculations  as  they  occur  in  the  regeneration 
model  and  is  helpful  to  debug  projections  that  en- 
counter problems.  A  great  deal  of  computer  printing 
results  from  this  option.  Code  "3"  will  print  the  table 
shown  in  figure  3  plus  a  plot  summary  table.  The  plot 
summary  table  shows  plot-by-plot  values  for  slope, 
aspect,  habitat  type,  site  disturbance,  topographic 
position,  residual  overstory  density  by  species,  and 
stocking  increments.  This  table  is  helpful  to  insure 
that  PLOTINFO  values  were  correctly  interpreted  by 
the  regeneration  model. 

RESET  AGE         Stand  age  can  be  reset  to  make  Prognosis  Model  output  corre- 
spond to  the  age  of  the  new  stand. 

field  1:  Year  or  cycle  that  age  is  to  be  reset  (usually  the  year 
of  disturbance).  Default  is  1.0. 

field  2:  New  stand  age;  default  is  0.0. 

DATELIST  This  keyword  is  used  to  print  the  date  of  last  revision  for 

subroutines  and  common  areas  used  by  the  establishment 
model.  Note  that  this  keyword  is  also  a  Prognosis  Model 
keyword  when  used  before  or  after  a  packet  of  regeneration 
keywords.  No  parameter  fields  are  associated  with  this 
keyword. 

RANNSEED         The  Regeneration  Establishment  Model  uses  a  separate 

pseudorandom  number  generator  which  can  be  reseeded  in- 
dependently of  the  pseudorandom  number  generator  used  by 
the  Prognosis  Model.  This  keyword  is  also  a  Prognosis  Model 
keyword  when  used  before  or  after  a  packet  of  regeneration 
keywords. 


Model 
Modifications 


field  1:  Replacement  value  for  the  seed.  If  blank,  the  default 
seed  is  displayed. 

i 

The  next  three  keywords  (SPECMULT,  STOCKADJ,  and  HTADJ)  are  included 
for  users  who  find  the  need  to  simulate  conditions  not  represented  by  the 
regeneration  model.  Some  examples  would  be  new  treatments  such  as  control  of 
competing  vegetation,  advances  in  regeneration  technology,  or  simulation  of 
pest  or  disease  conditions.  These  keywords  should  be  used  with  caution  because 
results  of  the  projection  depend  upon  the  assumptions  you,  the  user,  make. 
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These  keywords  are  invoked  at  user-specified  years  and  remain  in  effect  unless 
changed  later. 

SPEC  MULT         A  species-specific  multiplier  that  expands  or  contracts  the 
probability  of  a  species'  occurrence.  As  an  example,  this 
keyword  could  be  used  to  simulate  increases  in  a  species'  prob- 
ability attributable  to  protection  of  the  cone  crop  or  decreases 
in  a  species'  probability  due  to  a  host-specific  forest  pest.  One 
keyword  record  is  needed  for  each  species  to  be  modified.  The 
multiplier  does  not  set  the  probability  of  a  species'  occurrence; 
it  is  multiplied  by  the  probability  to  increase  or  decrease  the 
probability.  A  multiplier  of  1.0  has  no  effect  on  the  probability 
for  that  species. 

field  1:  The  year  the  multiplier  takes  effect. 

field  2:  Numeric  species  code  to  which  the  multiplier  will  be 
applied. 

field  3:  Multiplier  for  the  regeneration  model  to  use. 

STOCKADJ         A  multiplier  used  to  adjust  the  probability  of  stocking  equation 
upward  or  downward.  It  could  be  used  to  simulate  increases  in 
stocking  due  to  changing  technology  or  decreases  in  stocking 
due  to  adverse  actions  such  as  forest  pests,  soil  compaction, 
livestock  grazing,  etc.  The  probability  of  stocking  is  a  sigmoid 
curve  (fig.  1),  the  result  of  a  nonlinear  logistic  model  form 
(Hamilton  1974).  The  probability  of  stocking  will  be  multiplied 
by  the  value  entered  in  field  2  of  the  keyword  record.  However, 
the  product  will  not  exceed  the  bounds  of  the  interval  [0,1]. 

field  1:  The  year  the  multiplier  takes  effect. 

field  2:  Multiplier  for  the  probability  of  stocking.  This  value  is 
easily  calculated  by  dividing  the  desired  probability  of 
stocking  by  the  predicted  probability  of  stocking.  As 
an  example,  suppose  that  the  regeneration  model 
reports  the  probability  of  stocking  10  growing  seasons 
after  a  harvest  is  0.40  and  it  is  desired  to  raise  this 
figure  to  0.50  in  a  subsequent  run.  The  value  to  enter 
in  field  2  is: 


desired  stocking  0.50 


=  1.25 


reported  stocking       0.40 


If  field  2  is  blank  or  zero,  natural  regeneration  is  canceled  so 
that  only  planted  trees  regenerate.  This  can  be  helpful  in 
simulating  growth  of  plantations  or  to  input  a  list  of  trees  on  a 
habitat  type  that  the  regeneration  model  cannot  presently 
represent. 
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HTADJ 


A  species-specific  keyword  used  to  modify  the  initial  estab- 
lished height  of  trees  before  the  tree  records  are  passed  to  the 
Prognosis  Model.  Its  use  should  not  be  confused  with  the  Prog- 
nosis Model  keyword  REGHMULT,  which  is  a  multiplier.  The 
adjustment  can  be  positive  or  negative  depending  on  the  situa- 
tion being  simulated,  but  assigned  heights  will  not  be  less  than 
the  minimum  establishment  heights  listed  in  appendix  A. 


field  1:  The  year  adjustment  value  takes  effect. 

field  2:  Code  for  the  species  to  which  the  value  in  field  3  will 
be  applied. 

field  3:  Value  (feet)  to  be  added  to  or  subtracted  from  the 

height  of  each  tree  record  generated  by  the  regenera- 
tion model. 


END 


Variation 

in  Regeneration 

Estimates 


Signifies  the  end  of  a  packet  of  keywords  for  the  regeneration 
extension.  Program  control  is  returned  to  the  Prognosis  Model. 


The  regeneration  model  contains  logic  that  reproduces  plot-to-plot  variation  in 
the  number  of  trees  per  plot,  species  composition,  and  initial  tree  heights. 
Stand  statistics  are  the  average  of  plot  conditions  and  a  large  number  of  plots 
lessens  the  influences  of  infrequent  occurrences.  Currently,  plots  are  replicated 
by  repeated  doubling  until  at  least  50  are  available  for  projection.  Even  though 
plots  are  replicated,  some  differences  between  runs  can  be  expected  when  the 
calling  sequence  to  the  pseudorandom  number  generator  is  changed. 

We  have  explored  this  variation  for  the  stand  used  to  develop  examples  in 
this  user's  manual.  The  pseudorandom  number  generator  was  reseeded  in  5  ad- 
ditional runs  using  the  RANNSEED  keyword.  New  six-digit  seeds  were  chosen 
from  a  table  of  random  numbers.  Summaries  of  the  best  trees  passed  to  the 
Prognosis  Model  are  shown  in  Table  3.  Total  numbers  of  best  trees  ranged 
from  776  to  844  trees  per  acre  (1  917  to  2  086  trees  per  ha).  Species  composi- 
tion of  best  trees  varies  slightly,  but  the  overall  pattern  of  species  represented 
remains  the  same. 


Table  3.— Sample  projections  of  stand  S248112  with  the  pseudorandom  number  generator 

reseeded.  The  11  plots  were  replicated  5  times.  Cells  contain  the  number  of  best  trees 
per  acre  by  species  and  projection.  The  default  seed  is  55329. 


Pseudorandom  number  generator 

seed 

Species 

Default 

244349 

112061 

313169 

008827 

937763 

-Best 

trees 
37 

WP 

47 

70 

90 

50 

59 

L 

10 

10 

0 

10 

0 

3 

DF 

115 

99 

110 

75 

96 

100 

GF 

277 

290 

319 

250 

279 

345 

WH 

263 

212 

272 

289 

244 

226 

C 

99 

93 

86 

73 

80 

59 

LP 

6 

7 

10 

7 

20 

7 

S 

10 

0 

7 

3 

0 

3 

AF 

0 

0 

3 

16 

7 

7 

PP 

0 

0 

0 

0 

0 

0 

Totals 

827 

781 

844 

813 

776 

809 
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Some  variability  between  runs  was  controlled  by  setting  the  maximum 
number  of  tallied  trees  to  33  per  1/300-acre  (0.00135-ha)  plot.  This  maximum 
was  chosen  because  95  percent  of  all  stocked  plots  in  the  data  used  to  develop 
the  regeneration  model  had  33  or  fewer  trees  per  plot. 

Species  compositions  may  change  depending  on  when  tally  dates  are 
specified.  With  increasing  time,  some  species  can  increase  in  probability  while 
others  may  have  a  static  or  decreasing  probability.  Boyd  (1969)  has  shown  case 
histories  where  species  compositions  changed  within  the  same  stand  at  dif- 
ferent sampling  dates. 

PROGNOSIS  MODEL  VERSION  5.0 

The  Regeneration  Establishment  Model  is  available  with  Version  5.0  of  the 
Prognosis  Model.  This  revision  has  several  improvements  over  Version  4.0  that 
facilitate  the  regeneration  extension.  In  particular,  modeling  of  growth  rates  of 
trees  less  than  3.0  inches  d.b.h.  has  been  revised. 

All  Prognosis  Model  keywords  that  have  a  field  for  cutting  efficiency  have 
been  modified.  The  cutting  efficiency  parameter  can  now  be  set  to  1.0. 
Previously,  the  largest  proportion  of  a  tree  that  could  be  removed  was  0.99. 
Total  tree  removal  will  better  simulate  clearcutting  or  overstory  removal. 

A  tree  list  is  no  longer  necessary  to  begin  projection.  A  new  Prognosis  Model 
keyword  called  NOTREES  can  be  used  to  indicate  when  there  are  no  projectable 
tree  records.  It  is  important  to  note  that  NOTREES  is  a  Prognosis  Model 
keyword  and  needs  to  appear  before  or  after  the  packet  of  regeneration 
keywords.  There  are  no  parameter  fields  associated  with  this  keyword. 

Plot-specific  microsite  conditions  can  be  read  directly  from  the  tree  record 
file.  This  information  must  be  contained  on  the  first  tree  record  for  each  plot 
and  coded  as  shown  in  appendix  B.  Figure  1  shows  plot  variables  coded  on  the 
tree  record  file.  The  default  format  for  tree  records  is  as  shown  by  Wykoff  and 
others  (1982,  page  17).  When  a  positive  number  is  coded  in  field  2  of  the 
TREEDATA  keyword  record,  variables  14  through  18  shown  in  appendix  B  will 
also  be  read  from  the  tree  record  file.  If  variables  1  through  13  are  coded  in  the 
columns  specified  by  Wykoff  and  others  (1982,  page  17)  and  variables  14 
through  18  are  coded  as  shown  in  appendix  B,  a  new  tree  record  format 
(TREEFMT)  is  not  necessary.  However,  some  care  is  necessary  if  a  TREEFMT 
keyword  record  is  used  to  specify  a  format  statement.  When  a  TREEFMT 
record  is  present  and  field  2  of  the  TREEDATA  keyword  contains  a  positive 
number,  18  variables  must  be  accounted  for  in  the  format  statement. 

Version  5.0  has  a  feature  that  automatically  combines  similar  tree  records  so 
that  the  number  of  tree  records  does  not  exceed  available  computer  storage 
when  the  regeneration  model  is  called.  Whether  or  not  the  compression 
subroutine  is  called  should  not  materially  affect  projections.  Whenever  it  is  in- 
voked, it  will  be  reported  in  the  activity  summary  using  the  keyword 
COMPRESS. 

The  last  enhancement  of  importance  to  regeneration  model  users  is  an  exten- 
sion called  the  Event  Monitor  (Crookston,  in  preparation).  The  event  monitor 
detects  when  a  user-specified  event  has  occurred  and  then  schedules  a  user- 
specified  course  of  events.  This  extension  provides  some  flexibility  for  schedul- 
ing calls  to  the  regeneration  model  when  the  year  of  disturbance  is  not  known. 
As  an  example,  the  Prognosis  Model  may  be  operating  under  automatic  stock- 
ing control  (THINAUTO).  The  user  may  wish  to  display  the  regeneration  occur- 
ring after  a  heavy  thinning.  The  event  monitor  can  detect  the  thinning  when  it 
happens  and  schedule  the  correct  calls  to  the  regeneration  extension. 
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APPENDIX  A 


Scientific  Name,  Common  Name,  Numeric  Code,  and  Minimum 
Establishment  Height  for  Regeneration 


Scientific  name 

Common  name 

Code 

Minimum 

height 

Feet 

cm 

Pinus  monticola  Dougl. 

western  white  pine 

1.0 

1.0 

30 

Larix  occidentalis  Nutt. 

western  larch 

2.0 

1.0 

30 

Pseudotsuga  menziesii  var. 

Douglas-fir 

3.0 

1.0 

30 

glauca  (Beissn.)  Franco 

Abies  grandis  (Dougl.)  Lindl 

grand  fir 

4.0 

.5 

15 

Tsuga  heterophylla  (Raf.)  Sarg. 

western  hemlock 

5.0 

.5 

15 

Thuja  plicata  Donn. 

western  redcedar 

6.0 

.5 

15 

Pinus  contorta  Dougl. 

lodgepole  pine 

7.0 

1.0 

30 

Picea  engelmannii  Parry 

Engelmann  spruce 

8.0 

.5 

15 

Abies  lasiocarpa  (Hook.) 

subalpine  fir 

9.0 

.5 

15 

Nutt. 

Pinus  ponderosa  Laws. 

Ponderosa  pine 

10.0 

1.0 

30 

var.  ponderosa 
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APPENDIX  B 

Codes  and  Formating  Instructions  for  Recording  Plot  Variables 


Column(s) 

Column(s) 

Plot  data 

if  PLOTINFO 

if  on  tree 

(variable  num 

ber) 

record 

record  file 

Identification 

1-10 

24-27 

number 

(D 

Slope  percent 

11 

66 

(14) 

Codes 


Aspect 
(15) 


Habitat  type 
(16) 


12 


13-15 


67 


68-70 


Topographic 
position 

(17) 
Site 
preparation 

(18) 


16 


17 


71 


72 


Assign  the  same  numeric  code  to 
corresponding  fixed-area  and 
variable-radius  plots  (right  justify). 


0  =  0-5 

5  = 

46-55 

1   =  6-15 

6  = 

56-65 

2  =  16-25 

7  = 

66-75 

3  =  26-35 

8  = 

76-85 

4  =  36-45 

9  = 

>86 

1   =  north 

6  = 

southwest 

2  =  northeast 

7  = 

west 

3  =  east 

8  = 

northwest 

4  =  southeast 

9  = 

level  or  rol 

5  =  south 

ling 


520  =  grand  fir/pachistima  (default 

for  all  habitat  types  coded  520 

or  less) 
530  =  cedar/pachistima  (default 

for  all  cedar  habitat  types) 
570  =  western  hemlock/pachistima 

(default  for  all  western  hemlock 

habitat  types) 
620  =  subalpine  fir/pachistima 

(default  for  all  habitat  types 

coded  600  or  higher) 


1  = 

=  bottom 

4  =  upper  slope 

2   = 

=  lower  slope 

5  =  ridgetop 

3   = 

=  midslope 

1   = 

=  none 

2 

=  mechanical 

3      = 

=  burn 

4 

=  road  cuts,  road  fills,  and  road 

beds  of  unmaintained  roads 
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APPENDIX  C 

Examples  of  Keyword  Records  for  the  Regeneration  Establishment  Model 
Simplest  call  to  the  regeneration  model.  Stand  is  disturbed  in  2040. 

ESTAB  2040.0 

END 

Stand  is  disturbed  in  2040.  Plant  350  Douglas-fir  trees  per  acre  in  2042.  Expected  sur- 
vival is  60  percent.  Plant  100  western  white  pine  per  acre  in  2042  with  75  percent  sur- 
vival rate. 


ESTAB 

2040.0 

PLANT 

2042.0 

3.0 

350.0 

60.0 

PLANT 

2042.0 

1.0 

100.0 

75.0 

END 

ESTAB 

2040.0 

BURNPREP 

2041.0 

END 

ESTAB 

2040.0 

BURNPREP 

2041.0 

50.0 

MECHPREP 

2042.0 

20.0 

PLANT 

2043.0 

2.0 

END 

Stand  is  disturbed  in  2040.  Natural  regeneration  is  desired  and  the  stand  is  to  be 
burned  in  2041.  Estimate  80  percent  burn  of  the  stand. 


80.0 


Stand  is  disturbed  in  2040;  burn  50  percent  of  the  area  in  2041  and  scarify  another  20 
percent  in  2042.  Then  plant  300  western  larch  per  acre  in  2043,  45  percent  survival. 


300.0  45.0 


Inventory  was  taken  in  1980  but  small  trees  were  not  recorded.  Harvest  is  to  be 
simulated  in  1990. 

ESTAB  1990.0 

EZCRUISE 

END 

Individual  plot  records  are  read  in.  Harvest  year  is  1990.  Also  plant  200  ponderosa 
pine  per  acre  in  1991,  all  of  them  surviving. 

ESTAB  1990.0 

PLOTINFO 

01013257021 

01023157024 

01032253022 

01044253031 

01053452032 

01063253023 

01074257011 

01081157021 

01095257024 

01103257031 

01112157031 

-999 
PLANT  1991.0  10.  200.0 

END 
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Output  is  desired  5  growing  seasons  after  a  harvest  in  1990.  The  second  tally  is 
needed  at  15  years.  The  Prognosis  Model  is  projecting  at  10-year  intervals  so  a  short 
cycle  of  5  years  is  needed  to  make  regeneration  summary  output  dates  correspond  to 
cycle  boundaries.  This  is  done  by  using  the  TIMEINT  keyword.  TIMEINT  is  a  Prog- 
nosis Model  keyword  so  it  must  appear  somewhere  before  or  after  the  packet  of 
regeneration  keywords. 

5.0 


TIMEINT 

2.0 

ESTAB 

1990.0 

TALLYONE 

1994.0 

TALLYTWO 

2004.0 

END 

Same  prescription  as  before,  but  the  larch  casebearer  has  been  successfully  con- 
trolled by  parasites  which  triples  the  probability  of  larch  regeneration.  The  larch 
regeneration  is  also  1.5  feet  taller. 


TIMEINT 

2.0 

5.0 

ESTAB 

1990.0 

TALLYONE 

1994.0 

TALLYTWO 

2004.0 

SPECMULT 

1990.0 

2.0 

3.0 

HTADJ 

1990.0 

2.0 

1.5 

END 

The  effect  of  defoliation  by  the  Douglas-fir  tussock  moth  is  to  be  simulated.  As  an 
example,  suppose  current  research  indicates  that  an  infestation  decreases  the 
probability  of  stocking  by  10  percent.  Further  assume  that  the  stand  was  projected 
without  any  changes  to  the  probability  of  stocking,  and  at  the  end  of  the  first  cycle, 
stocking  was  50  percent.  The  multiplier  for  field  2  of  the  STOCKADJ  keyword  record 
would  be  the  target  probability  of  stocking  (40  percent)  divided  by  the  probability  of 
stocking  reported  by  the  regeneration  model  (50  percent)  or  40/50  =  0.80.  Additional- 
ly, the  tussock  moth,  being  host-specific,  decreases  the  probability  of  Douglas-fir 
regeneration  by  20  percent,  that  of  grand  fir  by  50  percent,  and  subalpine  fir  by  25 
percent.  Therefore,  the  probability  of  Douglas-fir  is  80  percent  of  its  predicted  value, 
grand  fir  is  50  percent,  and  subalpine  fir  75  percent.  All  percentages  just  discussed 
need  to  be  entered  as  ratios  on  keyword  records. 


ESTAB 

1990.0 

STOCKADJ 

1990.0 

0.8 

SPECMULT 

1990.0 

3.0 

0.80 

SPECMULT 

1990.0 

4.0 

0.50 

SPECMULT 

1990.0 

9.0 

0.75 

END 

Sometimes  it  may  be  desirable  to  project  only  the  planted  trees  in  the  new  stand. 
This  can  be  accomplished  with  a  STOCKADJ  keyword  having  a  zero  or  negative  value 
in  field  2  combined  with  the  desired  planting. 


350.0 


ESTAB 

1990.0 

STOCKADJ 

1990.0 

0.0 

PLANT 

1991.0 

4.0 

END 
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This  paper  documents  use  of  the  Regeneration  Establishment  Model,  a 
computer-based  simulator  designed  to  be  used  as  a  submodel  of  the  Prognosis 
Model.  Regeneration  is  predicted  following  harvesting  and  site  preparation 
operations.  Model  characteristics,  prescription  options,  program  control,  and 
regeneration  summaries  are  discussed. 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific knowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,  Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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RESEARCH  SUMMARY 

The  Farmington  Creek  watershed  consists  of  6,400 
acres  of  forested  and  brush-covered  lands  ranging 
from  5,010  to  9,260  feet  elevation  on  the  west  face  of 
the  Wasatch  Mountains  between  Salt  Lake  City  and 
Ogden,  Utah.  Streamflow  data  have  been  gathered 
from  this  stream  as  well  as  from  most  of  its  perennial 
tributaries  for  many  years.  Mean  daily,  monthly,  and 
annual  flows  are  tabulated  for  all  years  of  record  from 
the  12  gaged  tributaries  of  Farmington  Creek.  These 
are: 


Watershed 

Acres 

Aspect 

Halfway 

464 

Southwest 

Whipple 

359 

Southwest 

Bigler 

76 

Southwest 

Hollingsworth 

114 

Southwest 

Morris 

167 

North 

Miller 

252 

North 

Hellhole 

96 

Northeast 

Rice 

138 

Northeast 

Van  Fleet 

50 

Northeast 

Mud 

79 

Northeast 

West  Chicken 

218 

Northwest 

East  Chicken 

137 

Northwest 

The  tabulated  streamflow  data  are  accompanied 
with  a  topographic  map  and  a  narrative  description  of 
each  watershed.  The  periods  of  record  for  these 
streams  range  from  5  years  (Mud  Creek)  to  21  years 
(Halfway  Creek).  Over  these  years  from  1937  to  1972, 
annual  water  yields  ranged  from  37.4  area  inches  from 
Mud  Creek  in  the  wet  year  of  1941  to  only  2.7  area 
inches  from  Morris  Creek  in  the  drought  year  of  1961. 

Monthly  summaries  of  precipitation  received  at  the 
Farmington-Rice  climatic  station,  a  midelevation  site 
in  the  bottom  of  Farmington  Canyon,  also  are 
tabulated  for  water  years  1940—72.  Annual  precipita- 
tion there  ranged  from  29.4  inches  in  1966  to  51.5 
inches  in  1969.  Also,  this  report  reviews  pertinent 
research  publications  and  published  sources  of  an- 
cillary data  on  streamflow  from  Farmington  Creek  and 
nearby  watersheds,  and  precipitation  received  at 
several  points  on  the  Davis  County  Experimental 
Watershed. 


COVER  PHOTO:  Looking  upstream  at  Mud  Creek  gaging  station.  July  1939. 
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INTRODUCTION 

The  area  within  and  near  the  Davis  County 
Experimental  Watershed  (DCEW),  a  portion  of  the 
Wasatch  National  Forest  between  Farmington  and 
Bountiful,  Utah,  has  served  as  an  outdoor  laboratory  for 
the  Intermountain  Forest  and  Range  Experiment 
Station  since  1933.  In  the  first  third  of  this  century,  in- 
tense summer  rainstorms,  falling  on  denuded  overgrazed 
watersheds,  caused  mud-rock  floods  in  these  narrow, 
steep  canyons.  Extensive  damage  from  the  floods, 
especially  those  that  occurred  in  1923  and  1930,  forced  a 
change  in  land  use.  Grazing  by  domestic  livestock  was 
stopped  and  rehabilitation  and  protection  of  these  water- 
sheds were  begun. 

Much  research  was  done  to  test  and  monitor 
rehabilitation  practices.  As  part  of  that  research  effort, 
gaging  stations  were  established  on  most  permanent 
streams  on  the  DCEW.  Streamflow  records  from  these 
stations  have  been  used  for  more  than  10  research 
publications,  some  of  which  are  cited  in  this  report;  the 
remainder  appear  in  the  DCEW  bibliography  (DeByle 
and  Hookano  1973).  However,  most  of  these  streamflow 
data  have  neither  been  utilized  nor  published.  They  have 
remained  in  the  files,  available  only  to  those  who  knew 
of  their  existence  and  those  who  had  access  to  them. 
With  this  report,  all  streamflow  data  that  might  have 
value  (more  than  one  partial  year  of  record  from  any 
drainage)  are  made  available.  Mean  daily,  monthly,  and 
annual  flows  are  tabulated.  Occasionally,  due  to  gage 
malfunction,  daily  flows  were  estimated.  These 
estimated  values  appear  in  italics. 

THE  WATERSHEDS 

The  Davis  County  Experimental  Watershed  consists 
of  approximately  18,000  acres  of  mountainous  terrain 
between  4,500  and  9,200  feet  elevation.  It  is  dissected 
by  eight  major  west-facing  drainages  (Farmington, 
Rudd,  Steed,  Davis,  Ricks,  Barnard,  Parrish,  and 
Centerville  Creeks),  all  flowing  as  independent  streams 
into  the  Lake  Bonneville  basin  (Salt  Lake  Valley)  im- 
mediately west  of  the  DCEW  (fig.  1). 


Four  of  these  streams  have  been  gaged  and  the  flow 
records  published  by  the  U.S.  Geological  Survey  for 
many  years.  These  gaged  drainages  and  their  period  of 
published  record  are:  Farmington  Creek  (October 
1949-September  1971,  October  1975  to  present),  Ricks 
Creek,  in  Ford  Canyon  (April  1950-September  1966), 
Parrish  Creek  (October  1949-September  1968),  and 
Centerville  Creek  (October  1949  to  present).  Through 
September  1960  these  data  are  found  in  an  annual  series 
of  water-supply  papers  entitled,  "Surface  Water  Supply 
of  the  United  States"  (USGS  1952  -  USGS  1961).  Since 
1961  they  have  been  published  as  "Surface  Water 
Records  of  Utah"  (USGS  1961-1964)  or  "Water 
Resources  Data  for  Utah— Part  1.  Surface  Water 
Records"  (USGS  1965  to  present).  A  brief  description  of 
these  four  drainages  follows: 


Watershed 

Area 

Elevational 

range 

Maximum     M 

inimum 

Acres 

Feet- 

Farmington 

6,400 

9,259 

5,010 

Ricks  (Ford) 

1,504 

9,259 

4,840 

Parrish 

1,331 

8,900 

4,600 

Centerville 

2,016 

8,775 

4,640 

The  largest  watershed,  Farmington,  is  fed  by  many 
small,  permanent  tributaries  (fig.  2).  Streamflow  data 
from  12  of  these  tributaries  are  tabulated  in  this  report. 
Ten  are  in  steep  terrain,  draining  into  Farmington  Creek 
in  the  bottom  of  Farmington  Canyon.  Of  these,  four  are 
essentially  southwest-facing  and  six  are  north-  and 
northeast-facing  catchments  (table  1).  The  last  two,  the 
Chicken  Creek  watersheds,  are  at  the  headwaters  of 
Farmington  Creek  on  relatively  gentle  terrain  (table  1; 
Johnston  and  Doty  1972). 

Some  2,150  acres  of  Farmington  Creek  watershed  are 
in  the  12  gaged  tributaries.  This  represents  34  percent 
of  the  6,400-acre  total.  These  tributaries  include  eleva- 
tions from  9,140  feet  (top  of  Halfway)  to  6,120  feet 
(mouth  of  Morris),  thus  covering  most  of  the  elevational 
range  of  the  Farmington  watershed. 
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Figure  1.— The  Davis  County  Experimental  Watershed  and  environs. 
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Figure  2.  — Farmington  Creek  watershed  with  its  13  named  and  gaged 
tributaries. 


Table  1.— Summary  descriptions  of  12  gaged  tributaries  of  Farmington  Creek  on  the  Davis  County  Experimental  Watershed 

Watershed 


Van  West  East 

Halfway    Whipple     Bigler      Hollingsworth      Morris       Miller      Hellhole       Rice         Fleet         Mud       Chicken     Chicken 


Aspect 

SW 

SW 

SW 

SW 

N 

N 

NE 

NE 

NE 

NE 

NW 

NW 

Area 

Acres 

464 

359 

76 

114 

167 

252 

96 

138 

50 

79 

218 

137 

Square  miles 

0.725 

0.561 

0.119 

0.178 

0.261 

0.393 

0.151 

0.215 

0.078 

0.124 

0.341 

0.214 

Elevation  (ft) 

Maximum 

9,140 

9,046 

8,300 

8,280 

8,307 

8,560 

8,620 

8,700 

8,258 

8,735 

8,396 

8,240 

Minimum 

6,220 

6,640 

6,760 

6,880 

6,120 

6,520 

6,800 

7,020 

7,120 

7,420 

7,550 

7,450 

Stream 

channel1 

Length(ft) 

5,790 

4,000 

1,938 

3,375 

2,938 

3,650 

3,375 

3,250 

1,750 

1,750 

4,209 

2,494 

Elevational 

range(ft) 

2,260 

1,350 

840 

1,080 

1,240 

1,370 

1,400 

1,160 

560 

500 

300 

200 

Slope(%) 

39 

34 

43 

32 

42 

38 

41 

36 

32 

29 

7 

8 

Gaging 

Venturi- 

Venturi- 

Venturi- 

Venturi- 

90° 

Venturi- 

Venturi- 

Venturi- 

Venturi- 

Venturi- 

H-type 

H-type 

structure 

trape- 

trape- 

trape- 

trape- 

V-notch 

trape- 

trape- 

trape- 

trape- 

trape- 

3-foot 

3-foot 

zoidal 

zoidal 

zoidal 

zoidal 

weir 

zoidal 

zoidal 

zoidal 

zoidal 

zoidal 

flume 

flume 

12-inch 

12-inch 

6-inch 

6-inch 

12-inch 

12-inch 

12-inch 

6-inch 

12-inch 

flume 

flume 

flume 

flume 

flume 

flume 

flume 

flume 

flume 

1For  most  drainages,  these  stream  channel  data  were  calculated  from  the  U.S.  Geological  Survey  topographic  maps. 


There  are  129  complete  water  years  of  record  from  the 
12  tributaries  (table  2).  These  range  from  as  little  as 
5  years  from  Mud  Creek  to  19,  20,  and  21  years  each  for 
Morris,  Miller,  and  Halfway  Creeks,  respectively.  Over 
these  years  from  1937  through  1972,  the  yields  ranged 
from  37.4  area  inches  from  Mud  Creek  in  the  wet  year 
of  1942  to  as  little  as  2.7  area  inches  from  Morris  in  the 
drought  year  of  1961  (tables  2  and  3).  In  addition,  there 
are  85  partial  water  years  of  data,  consisting  of  at  least 
3  months  each,  that  are  included  in  this  report. 


Table  2.— Total  annual  yields,  in  area  inches,  for  12  gaged  catchments  on  the  Davis  County  Experimental  Watershed 


Water 

Van 

East 

West 

year 

Halfway 

Whipple 

Bigler 

Hollingsworth 

Morris 

Miller 

Hellhole 

Rice 

Fleet 

Mud 

Chicken 

Chicken 

1936 

— 

— 

— 

— 

P 

P 

— 

— 

— 

— 

— 



1937 

— 

— 

— 

— 

13.64 

25.96 

P 

P 

P 

P 

— 

— 

1938 

— 

— 

— 

— 

10.18 

18.81 

35.40 

18.55 

15.54 

22.92 

— 

— 

1939 

— 

— 

— 

— 

9.67 

16.26 

15.05 

P 

13.00 

P 

— 

— 

1940 

P 

P 

P 

P 

7.96 

12.44 

12.39 

17.85 

12.28 

18.95 

— 

— 

1941 

16.88 

P 

13.75 

9.10 

11.38 

P 

24.07 

13.09 

16.72 

22.86 

— 

— 

1942 

31.64 

— 

26.34 

17.78 

17.19 

P 

22.28 

28.94 

22.45 

37.35 

— 

— 

1943 

16.17 

10.00 

10.00 

6.96 

7.81 

P 

12.65 

P 

15.58 

27.67 

— 

— 

1944 

P 

14.47 

P 

P 

P 

P 

P 

P 

P 

P 

— 

— 

1945 

P 

16.02 

18.86 

16.07 

9.76 

P 

20.28 

31.62 

23.52 

P 

— 

— 

1946 

P 

13.33 

14.70 

10.45 

9.71 

P 

19.88 

26.39 

21.44 

P 

— 

— 

1947 

P 

P 

19.48 

11.35 

10.89 

P 

19.94 

23.54 

28.29 

P 

— 

1948 

— 

— 

18.23 

14.15 

11.15 

P 

— 

— 

— 

— 

— 

1949 

— 

— 

P 

P 

15.96 

P 

P 

P 

P 

P 

— 

- 

1950 

— 

— 

— 

— 

P 

P 

— 

— 

— 

— 

— 

1951 

P 

— 

— 

— 

12.19 

P 

— 

— 

— 

— 

— 

— 

1952 

P 

— 

— 

— 

16.78 

P 

— 

— 

— 

— 

— 

— 

1953 

24.58 

— 

— 

— 

P 

24.52 

— 

— 

— 

— 

— 

— 

1954 

10.24 

— 

— 

— 

5.34 

8.81 

— 

— 

— 

— 

— 

— 

1955 

15.20 

— 

— 

— 

P 

11.70 

— 

— 

— 

— 

— 

— 

1956 

15.59 

7.98 

P 

P 

P 

16.70 

P 

P 

P 

P 

— 

— 

1957 

23.86 

16.45 

15.64 

13.58 

P 

23.45 

P 

26.84 

P 

P 

— 

— 

1958 

25.50 

P 

P 

16.22 

11.25 

23.92 

P 

29.50 

P 

P 

— 

— 

1959 

12.30 

P 

P 

P 

5.73 

11.70 

P 

P 

P 

P 

— 

— 

1960 

15.70 

— 

P 

— 

4.37 

12.61 

— 

P 

— 

— 

— 

— 

1961 

10.20 

— 

P 

— 

2.74 

7.87 

— 

P 

— 

— 

— 

— 

1962 

28.32 

— 

— 

— 

P 

21.28 

— 

— 

— 

— 

— 

— 

1963 

17.52 

— 

— 

— 

P 

14.97 

— 

— 

— 

— 

— 

— 

1964 

26.07 

P 

— 

— 

P 

20.99 

— 

— 

— 

— 

— 

— 

1965 

21.56 

P 

— 

— 

P 

22.51 

— 

— 

— 

— 

— 

— 

1966 

15.29 

— 

— 

— 

P 

12.48 

— 

— 

— 

— 

5.79 

9.78 

1967 

17.30 

— 

— 

— 

— 

17.38 

— 

— 

— 

— 

9.01 

17.86 

1968 

22.91 

— 

— 

— 

— 

21.41 

— 

— 

— 

— 

9.57 

18.88 

1969 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

12.68 

24.35 

1970 

21.61 

— 

— 

— 

— 

— 

— 

— 

— 

— 

11.78 

21.99 

1971 

30.45 

— 

— 

— 

— 

— 

— 

— 

— 

— 

15.40 

28.48 

1972 

P 

— 

— 

— 

— 

— 

— 

— 

— 

— 

14.34 

24.95 

Total 

complete 

years 

21 

6 

8 

9 

19 

20 

9 

9 

9 

5 

7 

7 

Mean 

yield 

20.02 

13.04 

17.12 

12.85 

10.19 

17.29 

20.22 

24.03 

18.76 

25.95 

11.22 

20.90 

partial  year  of  data,  minimum  of  3  months.  —  =  no  data  or  less  than  3  months  data. 


Table  3.— Monthly  and  annual  precipitation  in  inches  at  the  Farmington-Rice  station1 


Water 

Annual 

year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

total 

1940 

— 

0.01 

1.97 

8.95 

8.99 

4.21 

4.64 

0.08 

1.60 

1.50 

0.05 

3.10 

— 

1941 

3.15 

2.72 

6.28 

1.55 

5.25 

3.89 

7.66 

2.57 

4.03 

1.91 

3.45 

.58 

43.04 

1942 

3.68 

5.20 

7.85 

5.41 

5.56 

4.45 

5.04 

7.79 

.44 

.60 

1.24 

1.23 

48.49 

1943 

1.27 

5.26 

6.82 

3.72 

3.96 

4.26 

1.75 

2.54 

6.03 

.35 

1.11 

.20 

37.27 

1944 

8.15 

.46 

2.63 

2.83 

2.34 

5.87 

6.41 

2.57 

5.83 

.01 

.07 

.80 

37.97 

1945 

.18 

5.38 

3.99 

1.81 

9.10 

7.05 

3.68 

2.10 

7.29 

.46 

4.78 

1.24 

47.06 

1946 

2.12 

8.11 

7.16 

4.47 

1.44 

4.13 

4.31 

6.28 

.26 

.39 

1.18 

.82 

40.67 

1947 

10.15 

4.75 

5.42 

3.17 

3.49 

4.46 

5.29 

3.58 

4.61 

.28 

4.16 

1.71 

51.07 

1948 

4.38 

7.91 

3.34 

2.25 

3.83 

6.52 

7.62 

2.80 

5.29 

.73 

1.43 

1.32 

47.42 

1949 

4.23 

3.77 

9.36 

5.10 

3.44 

9.26 

2.12 

6.05 

2.37 

1.05 

.82 

.63 

48.20 

1950 

7.75 

3.14 

3.81 

3.70 

3.03 

4.35 

2.46 

6.07 

1.03 

.70 

.02 

.61 

36.67 

1951 

2.01 

7.46 

5.54 

6.41 

3.22 

4.41 

6.38 

2.98 

.68 

1.47 

3.59 

.29 

44.44 

1952 

3.44 

5.16 

8.24 

7.80 

4.81 

9.83 

4.20 

2.99 

2.21 

.32 

1.13 

.23 

50.36 

1953 

0. 

3.31 

4.98 

10.55 

2.01 

5.74 

9.05 

5.27 

3.21 

.89 

.82 

.11 

45.94 

1954 

2.14 

2.61 

4.40 

2.52 

2.14 

6.96 

2.61 

2.03 

3.13 

.84 

1.31 

1.53 

32.21 

1955 

1.94 

4.77 

3.39 

6.99 

5.22 

1.24 

5.88 

2.22 

2.89 

.84 

.65 

2.50 

38.53 

1956 

2.28 

4.35 

8.08 

8.30 

3.76 

.60 

3.32 

4.46 

.37 

1.28 

.43 

.37 

37.60 

1957 

3.94 

1.27 

4.32 

5.06 

3.43 

5.86 

6.98 

9.20 

4.12 

.56 

1.21 

.87 

46.92 

1958 

2.83 

4.35 

6.20 

3.92 

8.39 

6.01 

5.54 

.90 

.09 

.31 

.80 

.65 

39.99 

1959 

.21 

2.28 

3.56 

5.96 

5.32 

3.42 

4.20 

3.67 

2.12 

.36 

2.92 

4.71 

38.64 

1960 

1.33 

.44 

1.95 

4.62 

8.07 

6.46 

2.80 

1.92 

.87 

.07 

1.24 

1.37 

31.13 

1961 

1.93 

6.49 

1.85 

.32 

4.81 

6.20 

2.01 

1.17 

.53 

.72 

2.23 

4.32 

32.58 

1962 

5.45 

5.39 

4.92 

3.17 

7.38 

6.90 

4.22 

4.34 

.98 

2.09 

.09 

.77 

45.70 

1963 

1.48 

1.82 

.63 

4.79 

2.61 

6.64 

11.77 

1.24 

3.96 

.03 

.87 

2.61 

38.45 

1964 

2.59 

3.01 

2.39 

6.52 

1.36 

7.19 

8.41 

6.44 

5.42 

.02 

.40 

.14 

43.89 

1965 

2.35 

7.02 

8.25 

7.15 

2.75 

1.28 

4.00 

4.10 

3.64 

2.93 

2.38 

3.47 

49.32 

1966 

.61 

5.80 

5.47 

2.30 

4.35 

2.55 

2.31 

3.70 

.19 

.44 

.09 

1.63 

29.44 

1967 

2.08 

4.42 

4.12 

5.75 

3.30 

2.84 

10.12 

3.84 

5.55 

.54 

.12 

1.70 

44.38 

1968 

2.46 

.65 

8.83 

1.28 

8.35 

6.66 

5.94 

3.73 

2.75 

.69 

.09 

1.35 

42.78 

1969 

4.30 

6.30 

5.99 

10.33 

5.69 

2.40 

5.00 

1.70 

7.96 

.95 

.28 

.57 

51.47 

1970 

3.95 

1.48 

5.82 

8.43 

3.52 

2.96 

6.79 

3.62 

4.26 

1.00 

.54 

4.50 

46.87 

1971 

6.20 

7.58 

6.42 

6.20 

3.49 

5.02 

4.75 

3.84 

1.60 

.01 

1.74 

.30 

47.15 

1972 

8.72 

5.52 

9.88 

5.34 

1.98 

4.07 

7.14 

.27 

.46 

.23 

.53 

4.13 

48.27 

1Water  years  1940-52  from  U.S.  Department  of  Commerce,  Weather  Bureau  (1958);  water  years  1953-68  from  Doty  (1970a);  and  water  years 
1969-72  from  U.S. Department  of  Commerce,  NOAA  (1970,  1971,  1972,  and  1973). 


PRECIPITATION 

The  bulk  of  the  annual  precipitation  falls  during 
autumn,  winter,  and  spring  as  snow  or  gentle  rain  from 
large  frontal  storm  systems  that  move  in  from  the 
Pacific.  Over  much  of  the  DCEW  about  three-fourths  of 
the  annual  precipitation  falls  as  snow  (fig.  3).  Snowpacks 
holding  30  inches  or  more  of  water  commonly  ac- 
cumulate at  the  higher  elevations.  Snowmelt  in  spring 
and  early  summer  releases  from  one-half  to  2  inches  of 
water  per  day. 

Most  summer  precipitation  is  from  local 
thunderstorms,  these  being  more  common  at  higher 
elevations.  These  thunderstorms  can  produce  very  inten- 
sive rainfall;  for  example,  one  storm,  a  Utah  record  for 
many  years,  delivered  0.7  inch  of  rain  in  5  minutes  on 
the  Halfway  watershed  in  1947. 

In  most  years,  the  quarter  of  the  annual  precipitation 
that  falls  in  the  summer  as  rain  contributes  little  to 
total  water  yields.  Summer  rains  commonly  wet  only  the 
surface  few  inches  of  soil  and  are  either  used  by  the 
vegetation  on  site  or  evaporated.  Streamflow  from  these 
rainstorms  may  result  entirely  from  channel  and  near- 
channel  interception  (Hawkins  1979;  Pankey  and 
Hawkins  1981).  Late  autumn  rains,  however,  may 
recharge  the  water  deficit  in  the  soil  mantle,  thereby 
allowing  more  of  the  following  spring's  snowmelt  to 
reach  the  stream  channels. 

Annual  precipitation  increases  about  6  inches  for  each 
1,000-foot  increase  in  elevation  on  this  watershed. 
Farmington,  at  the  base  of  these  mountains,  receives 
about  20  inches;  the  highest  elevations  receive  about 
50  inches  (fig.  3). 

Perhaps  most  useful  for  a  general  comparison  of 
precipitation  to  runoff  from  the  Farmington  Creek 
tributaries  are  the  records  from  the  storage  gage  at  the 
Farmington-Rice  station  (table  3).  It  is  at  a  midelevation 
(6,880  feet)  site  in  the  bottom  of  Farmington  Canyon. 
Other  published  precipitation  data,  especially  for  the 
Farmington  GS  site  at  7,700  feet  elevation,  are  found  in 
"Summary  of  Mountain  Precipitation  Measurements  for 
Utah"  (Whaley  and  Lytton  1979).  Some  data  for  West 
Chicken  Creek,  for  Farmington-Parrish  Field  Station, 
and  Farmington  RS  (same  as  Farmington  GS)  are  found 
in  the  U.S.  Department  of  Commerce  publication  series 
entitled  "Storage-Gage  Precipitation  Data  for  Western 
United  States"  (1960  et  seq.).  In  addition,  there  are 
snow  course  data  published  by  the  Soil  Conservation 
Service  for  Farmington  Canyon  (Upper)  at  8,000  feet 
elevation,  Farmington  Canyon  (Lower),  which  is  the 
same  location  as  the  Farmington-Rice  precipitation  gage, 
and  a  discontinued  snow  course  for  1936-1960  at  the 
head  of  Barnard  Creek  (Whaley  and  Keil  1969  et  seq.; 
Whaley  1972). 

A  network  of  recording  precipitation  gages  was 
operated  on  the  DCEW  during  the  summer  season  for 
many  years.  The  chart  traces  from  these  intensity  gages 
were  digitized,  the  data  analyzed,  and  these  data  were 
the  basis  for  several  publications  about  the  intensity, 
amounts,  and  return  periods  for  summer  storms  along 
the  Wasatch  Mountains  of  Utah  (Farmer  and  Fletcher 
1971  et  seq.). 
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Figure  3.— Precipitation  distribution  and 
amounts  at  three  locations  on  and  near  the 
Davis  County  Experimental  Watershed:  Farm- 
ington at  4,334  feet;  Farmington-Rice  at  6,880 
feet;  and  Parrish  Plots  at  head  of  Parrish 
Creek  at  8,200  feet  (from  fig.  2,  p.  270  of 
Bailey  and  Copeland  1960). 


FARMINGTON  CREEK 
TRIBUTARIES-DESCRIPTION  AND 
STREAMFLOW 
Halfway 

Halfway  is  a  464-acre  watershed  that  faces  southwest 
(fig.  4).  Elevation  ranges  from  6,220  to  9,140  feet, 
resulting  in  an  average  stream  gradient  of  39  percent 
(Doty  1970a).  The  catchment  is  marked  by  large  rock 
ramparts  that  reveal  the  underlying  metamorphic 
geology.  Greenschist  and  a  hornblende-biotite  gneiss 
with  pegmatite  dikes  are  the  most  common  rock  types. 
The  soils  tend  to  be  stony  and  immature  (Doty  1970a). 
Average  depth  of  surface  material  in  the  upper  reaches 
of  this  watershed  is  7  feet,  and  most  of  that  is  decom- 
posed bedrock. 

Vegetation  on  the  lower  half  of  the  Halfway  drainage 
is  predominantly  Gambel  oak  (Quercus  gambelii)  with 
mountain  mahogany  (Cercocarpos  ledifolius)  and  moun- 
tain maples  (Acer  spp.)  on  the  dry  and  moist  sites, 
respectively.  Upper  Halfway  is  vegetated  with  shrubs, 
such  as  sagebrush  (Artemisia  spp.),  snowbrush 
(Ceanothus  velutinus),  snowberry  (Symphoricarpos  sp.), 


serviceberry  (Amelanchier  sp.),  and  chokecherry  (Prunus 
virginiana).  Quaking  aspen  (Populus  tremuloides)  may  be 
found  on  the  moist  sites  along  the  channel  and  around 
the  perennial  springs. 

Commencing  in  1936,  Halfway  Creek  was  gaged  with 
a  venturi-trapezoidal  flume.  The  station  was  maintained 
steadily  until  1970,  except  for  a  brief  hiatus  after  a 
debris-laden  flood  in  1947. 

In  1935  and  again  in  1964,  contour  trenches  were  in- 
stalled in  the  upper  reaches  of  this  basin.  Trenching  was 
done  in  a  portion  of  the  flood  source  area  in  1935  to 
reduce  the  frequency  and  severity  of  mud-rock  floods  is- 
suing from  Farmington  Canyon.  The  1964  trenching  in 
the  upper  15  percent  of  the  catchment  replaced  and  ex- 
panded the  original  work  and  was  used  for  an  evaluation 
of  the  effects  of  this  treatment  on  streamflow.  No 
statistically  significant  change  in  streamflow  due  to 
trenching  was  determined  (Doty  1970a  and  1971),  even 
though  snow  accumulation  increased  slightly  (Doty 
1970b)  and  soil  water  was  redistributed  (Doty  1972)  in 
the  trenched  area.  In  1980,  the  trenches  constructed  in 
1964  were  still  very  much  in  evidence,  and  well 
vegetated.  They  would  still  be  effective  in  controlling 
overland  flow. 
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HALFWAY  CREEK 

Figure  4.— Topographic  map  of  Halfway 
Creek  watershed. 


HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1939-SEPTEMBER   1940. 
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Average    rate,    cfs 
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1.9305 

2.3001 

1.1622 

1.1710 

0.4499 

0.4399 

2.3438 

3.2281 

1.1604 

0.6509 

0.4499 

0.4399 

2.2147 

3.7452 

1.1522 

0.6385 

0.4499 

0.4474 

2.1415 

3.8247 

1.1296 

0.6421 

0.4474 

0.4477 

1.9154 

3.8034 

1.3012 

0.6369 

0.4399 

0.4346 

1.9107 

3.8608 

1.0518 

0.6387 

0.4399 

0.4299 

1.9281 

3.8442 

0.9408 

0.6273 

0.4399 

0.4299 

0 

7663 

2.1200 

3.8396 

0.8825 

0.6213 

0.4399 

0.4299 

0 

8638 

2.4683 

3.7944 

0.8585 

0.6249 

0.4399 

0.4299 

1 

1938 

2.7401 

3.7783 

0.8348 

0.6211 

0.4399 

0.4299 

1 

1527 

2.6459 

3.6841 

0.8048 

0.6481 

0.4399 

0.4299 

0 

9637 

2.605  7 

3.5236 

0.7813 

0.6635 

0.4399 

0.4411 

0 

7948 

3.5949 

3.3461 

0.7468 

0.6466 

0.4399 

0.4305 

0 

7992 

4.5754 

3.1878 

0.7294 

0.6476 

0.4399 

0.4299 

1 

0431 

4.8096 

3.0243 

0.7004 

0.6459 

0.4357 

0.4299 

1 

6758 

4.5110 

2.8719 

0.6885 

0.6578 

0.4299 

0.4299 

1 

7035 

4.1833 

2.7272 

0.6798 

0.6549 

0.4299 

0.4299 

1 

6435 

4.66  70 

2.5933 

0.6798 

0.6526 

0.4299 

0.4299 

2 

2  300 

5.4085 

2.4316 

0.6798 

0.64  38 

0.4299 

0.4299 

2 

7627 

5.9794 

2.2379 

0.6689 

0.6202 

0.4342 

0.4299 

3 

2495 

5.8702 

1.9893 

0.6608 

0.6099 

0.4399 

0.4299 

3 

8007 

5.2112 

1.8923 

0.6591 

0.6161 

0.4399 

0.4239 

3 

5202 

4.9245 

1.8122 

0.6531 

0.6149 

0.4399 

0.4199 

2 

7282 

4.7340 

1.7098 

0.6458 

0.5934 

0.4399 

0.4199 

2 

4851 

5.1488 

1.5990 

0.6474 

0.5999 

0.4399 

0.4199 

3 

2025 

5.3077 

1.4883 

0.6392 

0.5748 

0.4399 

0.4199 

5 

0600 

4.6056 

1.3188 

0.6424 

0.5199 

0.4399 

0.4199 

3 

9321 

3.8645 

1.2938 

0.6598 

0.4899 

0.4399 

0.4174 

3 

2592 

3.4203 

1.2863 

0.6556 

0.4699 

0.4399 

0.4099 

3 

02  30 

2.8021 

1.2495 

0.6798 

0.4524 

0.4399 

0.4099 

2 

8084 



1.2100 



0.4499 

0.4399 



1 

7633 

3.6864 

2.6613 

0.8058 

0.6238 

0.4396 

0.4289 

2 

804 

5.673 

4.232 

1.240 

0.992 

0.699 

0.660 

Average   annual    rate: 
Total    annual   yield: 
Peak    flow: 


HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER   1940-SEPTEMBER   1941. 


1 

0.4099 

0.3999 

0.3999 

0.4031 

0.6359 

1.1978 

0.7431 

5.4237 

0.6036 

0.4887 

0.4499 

0.4424 

J 

0.4099 

0.3999 

0.3999 

0.3974 

0.7015 

1.3122 

0.6682 

6.7331 

0.6550 

0.4849 

0.4499 

0.4324 

3 

0.4099 

0.3999 

0.3999 

0.3911 

0.7728 

1.34  70 

0.6690 

6.0382 

0.6598 

0.4849 

0.4499 

0.4495 

4 

0.4099 

0.3999 

0.3999 

0.3814 

0.7900 

1.3183 

0.6724 

3.6837 

0.6534 

0.4836 

0.4499 

0.4424 

5 

0.4099 

0.3999 

0.3999 

0.3838 

0.79  70 

1.2  740 

0.8360 

3.1742 

0.5574 

0.4786 

0.4499 

0.4399 

6 

0.4099 

0.3999 

0.3999 

0.3999 

0.8498 

1.1277 

0.7086 

3.1806 

0.5649 

0.4736 

0.4499 

0.4324 

7 

0.4099 

0.3999 

0.3999 

0.3999 

0.8461 

1.1957 

0.6524 

3.3327 

0.6534 

0.4699 

0.4499 

0.4374 

8 

0.4099 

0.3999 

0.40  74 

0.4276 

0.8301 

1.7309 

0.6500 

4.8606 

0.6876 

0.4699 

0.4499 

0.4399 

•i 

0.4099 

0.4300 

0.4099 

0.4723 

0.7561 

2.2398 

1.1370 

6.0377 

0.7673 

0.4699 

0.4898 

0.4399 

10 

0.4099 

0.4406 

0.4099 

il.MI,., 

0.7105 

2.1700 

1.7698 

5.8254 

0.8198 

0.4699 

0.4524 

0.4399 

11 

0.4099 

0.4155 

0.4099 

0.5549 

0.7253 

1.8833 

1.6532 

5.4679 

0.7823 

0.4699 

0.4499 

0.4324 

12 

0.4099 

0.4137 

0.4099 

0.5598 

0.7895 

1.5714 

1.5051 

5.5315 

0.7123 

0.4699 

0.5319 

0.4299 

1  i 

0.4099 

0.4099 

0.4099 

0.5598 

0.7895 

1.2572 

1.4391 

6.3488 

0.6624 

0.4699 

0.4524 

0.4299 

14 

0.4099 

0.4099 

0.4099 

0.5598 

0.7895 

1.0672 

1.3123 

5.4634 

0.6349 

0.4649 

0.4499 

0.4299 

1 

0.4099 

0.4099 

0.4099 

0.5598 

0.7895 

1.0126 

1.2374 

3.4144 

0.6049 

0.4599 

0.4574 

0.4299 

16 

0.4099 

0.4024 

0.4099 

0.5598 

0.7895 

1.2245 

1.3111 

2.9594 

0.5949 

0.4599 

0.4599 

0.4299 

17 

0.4099 

0.3999 

0.4099 

0.5598 

0.7895 

1.5346 

1.2708 

2.4235 

0.5699 

0.4599 

0.4599 

0.4299 

I  8 

0.4099 

0.3999 

0.4099 

0.5598 

0.7860 

2.0407 

1.1966 

2.1108 

0.5598 

0.4599 

0.4599 

0.4299 

19 

0.4074 

0.3999 

0.4099 

0.5598 

0.7852 

2.3046 

1.1511 

1.7982 

0.5524 

0.4660 

0.4599 

0.4224 

20 

0.3999 

0.4037 

0.3949 

0.5649 

0.8464 

1.862  7 

1.1403 

1.5629 

0.5499 

0.4699 

0.4599 

0.4199 

21 

0.3999 

0.3949 

0.3899 

0.5799 

0.8261 

1.0023 

1.3099 

1.2694 

0.54  74 

0.4699 

0.4599 

0.4199 

22 

0.3999 

0.3949 

0.3899 

0.5624 

1.3392 

0.9073 

1.7172 

0.9373 

0.5399 

0.4699 

0.4524 

0.4199 

23 

0. 3999 

0.4124 

0.  1899 

0.5474 

1.5510 

0.9398 

2.3517 

0.7249 

0.5224 

0.4699 

0.4499 

0.4124 

24 

0.3999 

0.4094 

0.3899 

0.5399 

1. 3509 

0.9110 

3.3158 

0.6624 

0.5074 

0.4699 

0.4499 

0.4099 

25 

0.3999 

0.4099 

0.3899 

0.5399 

1.2426 

0.8140 

3.8995 

0.6424 

0.4999 

0.4969 

0.4499 

0.4099 

26 

0.4109 

0.4099 

0.3899 

0.5466 

1. 1739 

0.7435 

4.1553 

0.6199 

0.4999 

0.4753 

0.4499 

0.4099 

27 

0.3999 

0.4074 

0.3899 

0.5624 

1.2025 

0.8461 

4.2954 

0.6130 

0.4999 

0.4712 

0.4499 

0.4099 

28 

0.3999 

0.3999 

0.3899 

0.5870 

1.2601 

1.0289 

3.9685 

0.5924 

0.4949 

0.4624 

0.4499 

0.4099 

29 

0.3999 

0.3999 

0.3899 

0.5974 



0.9925 

4.2605 

0.5799 

0.4937 

0.4524 

0.4499 

0.4099 

10 

0.3999 

0.3999 

0.3899 

0.5829 



0.6400 

6.139  3 

0.5624 

0.4899 

0.4499 

0.4499 

0.4099 

11 

0.3999 



0.3899 

0.6074 



0. 7104 



0.5724 



0.4499 

0.4499 



Average 

rate,    cfs 

0.4062 

0.4055 

0.3999 

0.5169 

0.9176 

1.2967 

1.9046 

3.0046 

0.5978 

0.4698 

0.4565 

0.4282 

Total  y 

ield,    inches 

0.646 

0.624 

0.6  36 

0.822 

1.318 

2.062 

2.931 

4.778 

0.920 

0.747 

0.726 

0.659 

Average    annual    rate:      0.8969    cfs. 
Total   annual  yield:      16.88  area    Inches 
Peak    I  low:       7.1736    cfs,    2230   hrs.    1    May 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEE7   PER  SECOND,    OCTOBER    1 94 1-SEPTEMBER    1942. 


IIH.l 


1 

0.4102 

0.4199 

0.5999 

0.6499 

0.6399 

0.4249 

3.6687 

2.4278 

3.6773 

0.  30  79 

0.6838 

0.5924 

2 

0.3999 

0.4499 

0.5999 

0.6424 

0.6399 

0.8611 

4.9750 

3.2662 

4.8278 

0.92  30 

0.6819 

U.bu<<9 

3 

0.4087 

0.4299 

0.6075 

0.6  399 

0.6399 

1.8761 

5.6295 

3.2638 

4.9001 

0.8  98 

0.6615 

0.5963 

4 

0.4199 

0.-J74 

0.6107 

0.6399 

0.6399 

0.8798 

8.1634 

3.2887 

4.4096 

0.8498 

0.6813 

0.5841 

5 

0.4287 

0.4386 

0.6062 

0.6399 

0.6  399 

0.9373 

8.1333 

3.2107 

4.  1472 

0.8498 

0.64  36 

0.5750 

6 

0.4299 

0.4299 

0.5905 

0.6  399 

0.6399 

1.0248 

6. 1168 

3.3540 

3.9012 

0.8498 

0.7144 

0.5561 

7 

0.4299 

0.4212 

0.5760 

0.6399 

0.6399 

0.9271 

5.6437 

4.2587 

3.6489 

0.8011 

0.7583 

0.5598 

8 

0.4299 

0.4187 

0.5953 

0.6399 

0.6399 

0.8845 

6.0340 

5.132  7 

3.46  70 

0.7686 

0.7486 

0.5648 

9 

0.4299 

0.4111 

0.5905 

0.6399 

0.6399 

1.0871 

6.4175 

5.3838 

3.2374 

0.7623 

0.7342 

0.5499 

10 

0.4249 

0.4099 

0.6399 

0.6399 

0.6399 

1 .  19 1 1 

7.0329 

5.0828 

3.1170 

0.7437 

0.7399 

0.5648 

11 

0.4199 

0.4099 

0.6399 

0.6399 

0.6399 

1.4863 

7.59  34 

4.7770 

3.8144 

0.7186 

0.8075 

0.5934 

12 

0.4199 

0.4099 

0.6399 

0.6399 

0.6399 

1.3168 

8.5304 

4.5777 

2.6655 

0.7151 

0.7999 

0.8567 

13 

0.4199 

0.4099 

0.6399 

0.6399 

0.6399 

0.9448 

8.6645 

4. 1530 

2.5524 

0.7074 

0.7380 

0.5878 

14 

0.4149 

0.5296 

0.6399 

0.6399 

0.6549 

0.8348 

9.8201 

4.1352 

2.2901 

0.6932 

0.7113 

0.5949 

15 

0.4099 

0.5999 

0.6399 

0.6399 

0.66  74 

0.7898 

7.3371 

5.3464 

2.0415 

0.7020 

0.7019 

0.5695 

16 

0.4099 

0.5999 

0.6399 

0.6399 

0.6  7  74 

0. 7898 

6.3335 

7.8320 

2.1069 

0.7255 

0.69  7  7 

0.5566 

17 

0.4099 

0.5999 

0.6  399 

0.6399 

0.6798 

0.8348 

5.9196 

6.7524 

1.9141 

0.6487 

0.6998 

0.5474 

lb 

0.4099 

0.5999 

0.6399 

0.6399 

0.6874 

0.9023 

5.3237 

7.3456 

1.7  720 

0.6813 

0.6732 

0.56  74 

19 

0.4099 

0.5999 

0.6399 

0.6399 

0.69  74 

0.9798 

4.9420 

8.1728 

1.6931 

0.6619 

0.6678 

0.5624 

20 

0.4099 

0.5999 

0.6399 

0.6399 

0.7223 

1.0673 

5.2  36  7 

8.6918 

1.5437 

0.6411 

0.6626 

0.54  86 

21 

0.4099 

0.5999 

0.6399 

0.6399 

0.7  336 

1.1572 

6.3159 

9. 1318 

1.5284 

0.6332 

0.6557 

0.5  349 

22 

0.4099 

0.5999 

0.6399 

0.6399 

0.  74  86 

1.2426 

6.4503 

9.0082 

1.49  30 

0.6306 

0.6323 

0.5332 

23 

0.4099 

0.5999 

0.6399 

0.6399 

0.7598 

1 . 3000 

5.8605 

8.9717 

1.4200 

0.6373 

0.6261 

0.5359 

24 

0.4099 

0.5999 

0.6399 

0.6399 

0.7711 

1.3368 

5.0376 

8.7931 

1.4165 

0.6453 

0.6247 

0.5333 

25 

0.4099 

0.5999 

0.6399 

0.6399 

0.7860 

1.1928 

4.4127 

8.5409 

1.3752 

0.6468 

0.6877 

0.5388 

26 

0.4099 

0.5999 

0.6399 

0.6399 

0. 7898 

0.9223 

3.8964 

8.4441 

1.5323 

0.6459 

0.6271 

0.5311 

27 

0.4107 

0.5999 

0.6399 

0.6399 

0.8010 

0.8348 

3.6301 

8.0929 

1.4  360 

0.6490 

0.589  3 

0.5077 

28 

0.4199 

0.5999 

0.6399 

0.6399 

0.8161 

0.9685 

3.4189 

7.2619 

1.3529 

0.6748 

0.6036 

0.4777 

29 

0.4199 

0.5999 

0.6399 

0.6399 



1.3778 

3.2265 

5.6783 

1.2738 

0.6874 

0.6049 

0.4699 

30 

0.4199 

0.5999 

0.6399 

0.6399 



2.1701 

3.2265 

4.9272 

1.0916 

0.6959 

0.6039 

0.4  769 

31 

0.4199 



0.6399 

0.6399 



3.0592 



4.9272 

0.6903 

0.5865 



Average 

rate,    cfs 

0.4161 

0.5207 

0.6276 

0.6402 

0.    900 

1. 1225 

5.8567 

5.9426 

2.4881 

0.7251 

0.6792 

0.5621 

Total  y 

ield,    inches 

0.662 

0.801 

0.998 

1.018 

0.991 

1.785 

9.013 

9.450 

3.829 

1.153 

1.080 

0.865 

Average    annual    rate:      621.8600    cfs. 
Total    annual   yield:      31.645    area   inches 
Peak    flow:      9.3180   cfs,    1700  hrs.    21    May 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1942-SEPTEMBER    1943. 


1 

0.4750 

0.4999 

0.5374 

0.5999 

0.5774 

1. 1361 

1.66  34 

1.2937 

1 

.0811 

0.7886 

0.6273 

0.4554 

2 

0.4702 

0.4999 

0.5374 

0.5999 

0.5699 

1.3457 

2.8472 

1.4396 

1 

.0471 

0.7714 

0.6199 

0.4458 

3 

0.4728 

0.4999 

0.5999 

0.5999 

0.5624 

1.0171 

3.1795 

1.299  3 

1 

.0267 

0.7622 

0.6199 

0.4485 

4 

0.4631 

0.4999 

0.5999 

0.5999 

0.5699 

0.8973 

3.  1553 

1.4016 

1 

.2497 

0.7388 

0.6173 

0.4425 

5 

0.4574 

0.4999 

0.5999 

0.5999 

0.5999 

0.8531 

2.9924 

1.2184 

1 

.6553 

0.7361 

0.6099 

0.4401 

6 

0.4736 

0.4999 

0.5999 

0.6049 

0.6092 

0.8381 

2.8141 

1.3080 

1 

.7973 

0.7240 

0.6099 

0.4324 

7 

0.4471 

0.4961 

0.5999 

0.6466 

0.6558 

0.7486 

2.8310 

1.1589 

1 

.6531 

0.7149 

0.6099 

0.4299 

8 

0.4446 

0.4911 

0.5999 

0.6824 

0.6681 

0.7342 

2.6571 

1.  1248 

1 

.46  36 

0.6861 

0.6074 

0.4299 

9 

0.4324 

0.4824 

0.5999 

0.6557 

0.6698 

0.7958 

2.3262 

1.0118 

1 

.3248 

0.6767 

0.5999 

0.4299 

10 

0.4462 

0.5213 

0.5999 

0.6258 

0.6641 

0.7748 

1.9995 

0.9173 

1 

.2127 

0.6697 

0.5999 

0.4374 

11 

0.4662 

0.5024 

0.5999 

0.6454 

0.6474 

0.7748 

1.8014 

0.9065 

1 

.1262 

0.6653 

0.59  74 

0.4399 

12 

0.4887 

0.4999 

0.5999 

0.6521 

0.6668 

0.7748 

1.5195 

0.8907 

1 

.0697 

0.6522 

0.5899 

0.4  399 

13 

0.5704 

0.4999 

0.5999 

0.6695 

0.7230 

0.7748 

1.6550 

0.8498 

1 

.0065 

0.6475 

0.5899 

0.4399 

14 

0.5169 

0.4999 

0.5999 

0.6580 

0.8048 

0.7748 

2.1616 

0.8423 

1 

.4000 

0.6584 

0.5874 

0.4324 

15 

0.4672 

0.4999 

0.5999 

0.6460 

0.9786 

0. 7748 

2.6822 

0.8471 

1 

.4108 

0.6724 

0.5799 

0.4299 

16 

0.4462 

0.4999 

0.5999 

0.8852 

1.2117 

0. 7711 

2.8844 

0.8430 

1 

.3568 

0.6774 

0.5799 

0.4299 

17 

0.4299 

0.4999 

0.5999 

0.6624 

1.3466 

0.7598 

3.0040 

0.8489 

1 

.3109 

0.6698 

0.5713 

0.4299 

18 

0.4336 

0.5662 

0.5999 

0.6574 

1.4385 

0.7299 

2.9670 

0.8170 

1 

.2268 

0.6698 

0.6083 

0.4299 

19 

0.4362 

0.5699 

0.5999 

0.6499 

1.5332 

0.6999 

2.7334 

0.76  74 

1 

.1837 

0.6674 

0.5453 

0.4299 

20 

0.4399 

0.5351 

0.5999 

0.6424 

1.6294 

0.6948 

2.5292 

0.7170 

1 

.1122 

0.6598 

0.5187 

0.4299 

21 

0.4399 

0.5483 

0.5999 

0.6399 

1.7285 

0.7173 

2.3159 

0.69  74 

1 

.0764 

0.6598 

0.5024 

0.4299 

22 

0.4494 

0.5660 

0.5999 

0.6323 

1.8292 

0.7314 

2.2160 

0.6874 

1 

.0498 

0.6598 

0.4917 

0.4299 

23 

0.4336 

0.6125 

0.5999 

0.6273 

1.9289 

0.7680 

2.2055 

0.6997 

1 

.0080 

0.6524 

0.4726 

0.4299 

24 

0.4449 

0.6094 

0.5999 

0.6199 

2.1252 

0.8061 

1.9503 

0.6769 

0 

.9698 

0.6499 

0.4607 

0.4299 

25 

0.4536 

0.5999 

0.5999 

0.6173 

2.5140 

0.9823 

2.0720 

0.6430 

0 

.9041 

0.6499 

0.4603 

0.4374 

26 

0.4796 

0.5999 

0.5999 

0.6099 

1.72  72 

1.1598 

1.9497 

0.6352 

0 

.8768 

0.6424 

0.4557 

0.4399 

27 

0.4899 

0.5999 

0.5999 

0.6024 

1.6618 

1.339  7 

1.7710 

0.6118 

0 

.8517 

0.6399 

0.4517 

0.4424 

28 

0.5118 

0.5999 

0.5999 

0.5999 

1.5958 

1.5374 

1.6919 

0.5739 

0 

.8717 

0.6399 

0.4477 

0.4499 

29 

0.5074 

0.5999 

0.5999 

0.5924 



1.7447 

1.6397 

0.5896 

0 

.826  7 

0.6373 

0.4485 

0.4499 

30 

0.4999 

0.5999 

0.5999 

0.5874 



1.9591 

1.5495 

0.6247 

0 

.8101 

0.6299 

0.4608 

0.4499 

31 

0.4999 



0.5999 

0.5  799 



2.1521 



0.7578 



0.6299 

0.4718 



Average 

rate,    cfs 

0.4672 

0.5367 

0.5961 

0.6351 

1.1516 

0.9974 

2.3302 

0.8936 

1 

.  1658 

0.6773 

0.5490 

0.4373 

Total  y 

ield,    inches 

0.743 

0.826 

0.948 

1.010 

1.654 

1.568 

3.586 

1.421 

1 

.794 

1.077 

0.873 

0.673 

Average    annual    rate:      313.5400   cfs. 
Total    annual  yield:      16.17   area  inches 
Peak    flow:      3.2272    cfs,    2400  hrs.    2   April 


halfway  creek  discharge,  cubic  feet  per  second,  october  1943-september  1944. 
■Oct  nov  dec  jan  feb  mar  apr  may  june 


JULY 


AUG 


SEPT 


1 

0.4499 

2 

0.4499 

3 

0.4499 

. 

0.4499 

■ 

0.4424 

6 

0.4399 

7 

0.4399 

8 

0.4399 

9 

0.4399 

10 

0.4399 

LI 

0.7934 

12 

0.4070 

1  i 

0.3999 

14 

0.3999 

15 

0.3999 

16 

0.3999 

17 

0.3999 

18 

0.4272 

19 

0.5175 

20 

0.4701 

21 

0.4664 

22 

0.4521 

23 

0.5163 

24 

0.6133 

25 

0.8021 

26 

0.8287 

27 

0.7513 

28 

0.6935 

29 

0.5762 

30 

0.6143 

<! 

0.5501 

1.2534  4.6427  2.8792 

2.0501  4.1550  6.1670 

3.0502  3.3204  8.4381 
3.9853  3.0447  7.6330 
4.1234  3.8563  6.7347 

3.7229  4.6252  5.7307 

3.8703  5.2470  4.9314 

3.6840  5.1590  4.1814 

2.7152  5.3274  3.8740 

2.0979  5.2992  3.4196 

1.0873        1.8369  4.9807  3.1448 

1.0405        1.8967  4.8191  2.9800 

1.0760        1.8278  4.7325  2.7259 

0.9483        1.7513  4.6341  2.5160 

0.7630        1.7267  4.5354  2.3590 

0.6998        2.0271  4.4726  2.2200 

0.6965        1.9184  4.4916  2.0855 

0.7420        1.7773  3.9681  1.9166 

0.8348        1.7311  3.8121  1.7268 

0.8448        1.7773  3.4423  1.6568 


0.8198  1.6922 

0.8123  1.7132 

0.7898  2.2751 

0.7898  2.9720 

0.7823  3.0598 


0.7449 
0.7024 
0.6699 
0.7153 
0.9877 
1.4860 


3.2286 
3.0934 
2.9381 
2.7481 
2.5543 


2.8274 
2.8629 
3.1994 

4.4672 
5.2251 


3651 
2223 
3110 
1017 
1021 


1.5669 
1.4  784 
1.3871 
1.2951 
1.2487 

1.5078 
1.4376 
1.2866 
1.1928 
1.1050 


1.9350 


1.0422 
1.0435 
1.0465 
0.9894 
0.9319 

0.9205 
0.8862 
0.8699 
0.8445 
0.8761 

0.8361 
0.8089 
0.7778 
0.7607 
0.7391 

0.7233 
0.7190 
0.6981 
0.6977 
0.6896 

0.6758 
0.6698 
0.6698 
0.6609 
0.6410 

0.6314 
0.6190 
0.6052 
0.5999 
0.5879 
0.6046 


0.5924 
0.5526 
0.5440 
0.5273 
0.5159 

0.5292 
0.5098 
0.5353 
0.5300 
0.5199 

0.5108 
0.5089 
0.5094 
0.4944 
0.5039 

0.4974 
0.4894 
0.4855 
0.4819 
0.4824 

0.4784 
0.4745 
0.4724 
0.4694 
0.4702 

0.4736 
0.4  704 
0.4704 
0.4686 
0.4676 
0.4644 


0.4645 
0.4651 
0.4651 
0.4646 
0.4604 

0.4547 
0.4546 
0.4530 
0.4544 
0.4516 

0.4684 
0.4678 
0.4654 
0.4661 
0.4662 

0.4649 
0.4811 
0.4599 
0.4599 
0.4599 

0.4599 
0.4599 
0.4562 
0.4549 
0.4511 

0.4462 
0.4449 
0.4449 
0.4449 
0.5053 


Average    rate,    cfs  0.5138 

Total   yield,    inches        0.817 


2.6369 
4.058 


3.7461 
5.957 


3.0268 
4.658 


0.7697 
1.224 


0.4999 
0.795 


0.4601 
0.708 


Average   annual    rate: 

Total   annual   yield: 

Peak   flow:      9.0070   cfs,    0745   hrs. 


3  June 


HALFWAY  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1944-SEPTEMBER  1945. 


1 

0.4586 

0.5519 

2 

0.4549 

0.4703 

3 

0.4512 

0.4499 

4 

0.4499 

0.4599 

5 

0.4499 

0.6396 

6 

0.4499 

0.5206 

7 

0.4499 

0.5192 

8 

0.4499 

0.4842 

9 

0.4499 

0.4713 

10 

0.4499 

0.4799 

u 

0.4499 

0.4839 

L2 

0.4499 

0.4842 

l  i 

0.4499 

0.4932 

14 

0.4499 

0.4874 

15 

0.4536 

0.4992 

16 

0.4549 

0.5002 

17 

0.4562 

0.4884 

1  H 

0.4599 

0.4818 

19 

0.4599 

20 

0.4599 

21 

0.4599 

.V 

0.4599 

23 

0.4599 

24 

0.4599 

25 

0.4599 

26 

0.4599 

27 

0.4599 

28 

0.4599 

."< 

0.4599 

30 

0.4599 

31 

0.4613 

Average  rate,  cfs     0.4553    

Total  yield,  Inches   0.724     

Average  annual  rate: 

Total  annual  yield: 

Peak  flow:   9.6355  cfs,  0900  hrs.  6  June 


5.5780 

1.0422 

0.9286 

0.6815 

0.5753 

6.1831 

1.3146 

1.1789 

0.6779 

0.5824 

6.3597 

1.3988 

1.1184 

0.9872 

0.5846 

6.2578 

1.5923 

1.0706 

0.7210 

0.5799 

5.9116 

3.1171 

1.1050 

0.6698 

0.5648 

5.7382 

8.6783 

1.1336 

0.6608 

0.5774 

5.3796 

7.0011 

1.1023 

0.7569 

0.5717 

5.0585 

5.7216 

1.0847 

0.6859 

0.5495 

4.8577 

4.9367 

1.0548 

0.6705 

0.5366 

4.6707 

4.5871 

1.0435 

0.6449 

0.5205 

4.4267 

4.2372 

1.0186 

0.6388 

0.5066 

4.2681 

3.8964 

0.9192 

0.7259 

0.5045 

4.1520 

3.6138 

0.8846 

0.6763 

0.4947 

3.9555 

3.3438 

0.8573 

0.6702 

0.4965 

3.4919 

3.0858 

0.8373 

0.6411 

0.4999 

0 

7748 

3.1915 

2.8316 

0.8186 

0.6011 

0.4999 

0 

8782 

3.0020 

2.5503 

0.8029 

0.6092 

0.4949 

1 

2780 

2.7330 

2.3939 

0.7920 

0.6312 

0.5197 

2 

8342 

2.5870 

2.2404 

0.8198 

1.6433 

0.4974 

4 

8840 

2.4099 

2.0987 

0.8273 

1.4615 

0.4976 

5 

9472 

2.2295 

2.0409 

0.8498 

0.6755 

0.5337 

5 

6532 

2.1102 

2.0409 

0.8498 

0.6283 

0.5559 

4 

9795 

2.0478 

2.0409 

0.8198 

0.6220 

0.5954 

4 

0392 

1.9325 

2.0409 

0.7898 

0.6273 

0.5954 

3 

1804 

1.8116 

2.0409 

0.7747 

0.6062 

0.5099 

2 

8659 

1.7311 

2.0409 

0.7556 

0.6039 

0.4924 

3 

2324 

1.6722 

2.0409 

0.7420 

0.5812 

0.4929 

3 

7812 

1.6074 

2.0135 

0.7439 

0.5791 

0.5018 

4 

6005 

1.5242 

1.9247 

0.7330 

0.5713 

0.5010 

5 

6172 

1.5434 

1.4461 

0.7377 

0.5780 

0.4954 



1.5187 



0.7167 

0.5799 





3.5467 

2.9781 

0.9005 

0.7137 

0.5111 



5.640 

4.583 

1.432 

1.135 

0.813 

10 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    1945-SEPTEMBER    1946. 


1 

0.4869 

0.5035 

0.6399 

0.5999 

0.9494 

1.4233 

2.5403 

2.3491 

0.7395 

0.5531 

0.4749 

2 

0.4793 

0.5172 

0.6399 

0.5999 

0.9048 

1.6051 

2.6879 

2.82  72 

0.7286 

0.5277 

0.4810 

3 

0.4739 

0.5013 

0.6399 

0.5999 

0.8898 

1.5  34  7 

2.5097 

2.4367 

0.6901 

0.5222 

0.4  786 

4 

0.4774 

0.4832 

0.6414 

0.5999 

0.8573 

1.8712 

2.3506 

2.2137 

0.6  741 

0.5256 

0.4749 

5 

0.4778 

0.4599 

0.6493 

0.5999 

0.8498 

2.0325 

2.2144 

1.9993 

0.6698 

0.5316 

0.4  749 

6 

0.4723 

0.4618 

0.6199 

0.5999 

0.8011 

2.2822 

1.5138 

1.8991 

0.6669 

0.5333 

0.4749 

7 

0.4719 

0.4968 

0.5999 

0.5999 

0.7889 

2.3218 

1.9679 

1.7861 

0.6552 

0.5204 

0.4749 

8 

0.4699 

2.2360 

0.5875 

0.5999 

0.8098 

2.2959 

1.8954 

1.6634 

0.6190 

0.5085 

0.4749 

9 

0.4712 

0.5009 

0.6063 

0.5999 

1.0118 

2.2315 

1.8743 

1.5197 

0.6324 

0.4894 

0.4749 

10 

0.4812 

0.4774 

0.5748 

0.5999 

1.6496 

2.0921 

1.7283 

1.3988 

0.6261 

0.4782 

0.4712 

11 

0.4999 

0.4881 

0.5598 

0.5999 

2.3384 

2.5231 

1.5690 

1.3186 

0.6189 

0.4984 

0.4699 

12 

0.4991 

0.4762 

0.5598 

0.5999 

2.3945 

3.5044 

1.4349 

1.2414 

0.6205 

0.5635 

0.4699 

13 

0.5039 

0.5686 

0.5899 

0.5999 

2.0267 

4.0866 

1.3360 

1.1881 

0.6053 

0.5624 

0.4699 

14 

0.4775 

0.5999 

0.5999 

0.5999 

1.7090 

4.4502 

1.2524 

1.1320 

0.5978 

0.5147 

0.4699 

15 

0.4728 

0.5999 

0.5999 

0.5999 

1.3888 

5.8134 

1.1899 

1.0627 

0.5944 

0.5084 

0.4699 

16 

0.5046 

0.5999 

0.5999 

0.5999 

1.1822 

5.9048 

1.1648 

1.0143 

0.6123 

0.4948 

0.4987 

17 

0.4797 

0.5999 

0.5999 

0.5999 

1.1115 

6.1479 

1.1031 

1.0317 

0.6130 

0.4831 

0.4872 

18 

0.4763 

0.5999 

0.5999 

0.5999 

1.3170 

6.4656 

1.0394 

1.0135 

0.6010 

0.4847 

0.4736 

19 

0.4766 

0.5999 

0.5999 

0.5999 

1.9736 

6.3814 

1.0153 

0.9592 

0.6009 

0.4837 

0.4699 

20 

0.4864 

0.5999 

0.5999 

0.5999 

2.2  764 

5.8706 

0.9723 

0.9198 

0.5928 

0.4813 

0.4699 

21 

0.4816 

0.5999 

0.5999 

0.6049 

1.9547 

5.4004 

0.9427 

0.8848 

0.5876 

0.4813 

0.4699 

22 

0.4841 

0.5999 

0.5999 

0.6762 

1.6413 

4.7587 

0.9428 

0.8648 

0.5963 

0.5237 

0.4699 

23 

0.4752 

0.5999 

0.5999 

1.0405 

1.4599 

4.3517 

1.0544 

0.8498 

0.6244 

0.5211 

0.4699 

24 

0.4763 

0.5999 

0.5999 

1.7124 

1.4099 

4.2558 

0.9973 

0.8465 

1.2393 

0.5035 

0.4699 

25 

0.4736 

0.5999 

0.5999 

1.9715 

1.2901 

4.2694 

0.9110 

0.8279 

0.6288 

0.4900 

0.4699 

26 

0.5224 

0.5999 

0.5999 

1.4196 

1.2838 

4.2166 

0.8667 

0.8062 

0.6279 

0.4806 

0.4699 

27 

0.5399 

0.5999 

0.5999 

1.2032 

1.6  386 

3.9842 

0.9299 

0.7895 

0.5965 

0.4848 

0.4699 

28 

0.5399 

0.5999 

0.5999 

1.0599 

2.6273 

3.7961 

3.0336 

0.7636 

0.5571 

0.4809 

0.4699 

29 

0.5399 

0.5999 

0.5999 



2.6887 

3.5107 

3.0914 

0.7517 

0.5702 

0.4767 

0.4699 

30 

0.5204 

0.5999 

0.5999 



2.2986 

3.1956 

3.2280 

0.7367 

0.5695 

0.4749 

0.4699 

31 

0.5342 



0.5999 



2.0867 



3.2078 



0.6235 

0.4  749 



Average 

rate,    cfs 

0.4911 

0.6121 

0.6037 

0.7742 

1.5375 

3.7533 

1.7142 

1.3029 

0.6427 

0.4899 

0.4737 

Total  y 

ield,    inches 

0.781 

0.942 

0.960 

1.112 

2.445 

5.776 

2.726 

2.005 

1.022 

0.779 

0.729 

Average    annual    rate: 
Total    annual   yield: 
Peak   flow:      7.0508   cfs, 


2015   hrs.    18  April 

HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    1946-SEPTEMBER    194  7. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

0.8695 

0.5474 

0.8311 

0.6407 

1.8643 

2.8455 

1.0884 

0.8725 

0.6690 

2 

0.5376 

0.5574 

0.8339 

0.6249 

2.4922 

3.9796 

1.3567 

0.8289 

0.6698 

3 

0.4882 

0.5624 

0.7673 

0.6049 

2.4676 

4.44  76 

1 . 3900 

0.82  36 

0.6306 

4 

0.4884 

0.5724 

0.7598 

0.5999 

2.2912 

4.5320 

1.2846 

0.8221 

0.7103 

5 

0.4799 

0.5800 

0.7636 

0.5849 

1.9592 

4.3797 

1.2182 

0.8125 

0.6359 

6 

0.4876 

0.5874 

0.7960 

0.5724 

1.7711 

4.3095 

1.1606 

0.8064 

0.6075 

7 

0.5197 

0.5974 

0.8059 

0.5499 

1.6296 

4.2562 

1.1115 

0.8105 

0.5878 

8 

0.5220 

0.6024 

0.7711 

0.5564 

1.72  39 

4.1165 

1.1933 

0.8041 

0.6726 

9 

0.4968 

0.6123 

0.7061 

0.5578 

2.0338 

3.9409 

1.3259 

0.8145 

0.6743 

10 

0.4844 

0.6199 

0.6774 

0.5770 

1.9452 

3.7160 

1.1524 

0.7864 

1.6811 

11 

0.4762 

0.6273 

0.6624 

0.6848 

1.8820 

3.6234 

1.4553 

0.7696 

12 

0.4749 

0.6373 

0.6524 

0.8548 

2.1191 

3.6412 

1.7349 

0.7642 

13 

0.4749 

0.6424 

0.6449 

1.0923 

3.0757 

4.2264 

1.9238 

0.7596 

14 

0.4736 

0.6524 

0.6552 

1.3660 

3.9697 

4.1450 

1.8348 

0.7664 

15 

0.4649 

0.6598 

0.6698 

1.6666 

4.2362 

3.8101 

1.6201 

0.7702 

16 

0.4940 

0.6674 

0.6898 

1.9869 

4.2351 

3.4812 

1.4364 

0.7572 

17 

0.5002 

0.6774 

0.7098 

2.3228 

4.0312 

3.2069 

1.3123 

0.74  36 

18 

0.5189 

0.6824 

0.6980 

2.6737 

3.6957 

2.9  729 

1.2251 

0.7381 

19 

0.5805 

0.6924 

0.6574 

3.0392 

3.2963 

2.7311 

1.1404 

0.7253 

20 

0.6277 

0.6998 

0.6389 

3.4356 

3.2885 

2.5308 

1.2168 

0.7186 

21 

0.5781 

0.7111 

0.6131 

0. 

9448 

3.8426 

3.6576 

2.3491 

1.2424 

0.7117 

22 

0.5262 

0.7261 

0.5999 

0, 

,8511 

3.9519 

3.50  70 

2.2158 

1.1957 

0.7305 

23 

0.5438 

0.7336 

0.5965 

0, 

,7898 

3.7804 

3.2508 

2.1083 

1.1071 

0.7253 

24 

0.4999 

0.7486 

0.5778 

0. 

,7486 

3.0419 

3.0272 

1.9783 

1.0040 

0.6759 

25 

0.5097 

0.7598 

0.5824 

0, 

,6974 

2.4762 

2.8020 

1.8410 

0.9596 

0.66  34 

26 

0.5024 

0.7711 

0.6860 

0, 

,6773 

2.1649 

2.684  7 

1.7286 

0.9461 

0.6442 

27 

0.5024 

0.7860 

0.7402 

0, 

,6  700 

2.0293 

2.6431 

1.6868 

0.9413 

0.64  78 

28 

0.5124 

0.7936 

0.7598 

0, 

,6499 

2.2443 

2.6274 

1.7039 

0.9202 

0.6422 

29 

0.5199 

0.8086 

0.7373 



2.8510 

2.7744 

1.6022 

0.9156 

0.6425 

30 

0.5299 

0.8198 

0.7024 



3.2406 

3.1005 

1.5121 

0.8905 

0.6450 

31 

0.5399 



0.6960 



2.8914 



1.4989 



0.6449 

Average 

rate,    cfs 

0.5232 

0.6713 

0.6993 

1.8538 

2.8026 

3.0682 

1.2418 

0.7439 



Total   y 

ield,    inches        0.832 

1.033 

1.112 

2.948 

4.313 

4.879 

1.911 

1.183 

— — 

Average   annual    rate: 

Total   annual   yield: 

Peak    flow:      4.7121    cfs,    1745   hrs.    3  May 


II 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    1950-SEPTEMBER    1951. 


1 
J 
3 
4 
5 

6 
7 
B 
9 
10 

I  1 
12 
13 
14 

15 

16 
17 

18 
19 

JO 

21 

:: 

23 
24 
25 

26 
27 
28 
29 
30 
31 

Average    rate,    cfs 
Total   yield,    inches 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


2.9497 

1.5306 

0.6911 

0.6032 

0.4926 

6.3095 

1.9252 

0.6898 

0.6166 

0.4874 

6.6255 

1.7641 

0.66  74 

0.7632 

0.4799 

7.7663 

1.6447 

0.6499 

1.0310 

0.4799 

8.8853 

1.5305 

0.6223 

0.7756 

0.4799 

8.9604 

1.4736 

0.6090 

0.6674 

0.4799 

8.6203 

1.3677 

0.6007 

0.6232 

0.4  799 

7.2971 

1.3062 

0.5999 

0.6065 

0.4799 

6.4669 

1.2418 

0.6082 

0.59  74 

0.4799 

5.6946 

1.3326 

0.6140 

0.5899 

0.4799 

4.7915 

1.1907 

0.6140 

0.5732 

0.5324 

4.6188 

1.1172 

0.6123 

0.5682 

0.5499 

1 

9254 

4.1609 

1.0498 

0.5982 

0.5907 

0.5449 

2 

7814 

4.1506 

1.0373 

0.5982 

0.5882 

0.5349 

-1 

6993 

4.1449 

0.8573 

0.5899 

0.5791 

0.5249 

2 

5948 

3.9464 

0 .  79  36 

0.6215 

0.5624 

0.5274 

2 

5872 

3.8297 

0.7860 

0.6228 

0.5461 

0.5061 

2 

4809 

3.9127 

0.9473 

0.6128 

0.5447 

0.4874 

2 

3795 

3.9436 

0.9698 

0.6240 

0.6774 

0.4'836 

2 

4575 

3.8830 

0.9748 

0.6474 

0.6065 

0.4749 

2 

2168 

3.6798 

0.8973 

0.6779 

0.5949 

0.4849 

2 

0824 

3.5643 

0.8385 

0.6342 

0.5841 

0.4861 

1 

9724 

3.4105 

0.8385 

0.6273 

0.5407 

0.4874 

2 

1440 

3.2346 

0.8498 

0.6255 

0.5255 

0.4937 

2 

8543 

2.9770 

0.8423 

0.6236 

0.5187 

0.4874 

3 

2442 

2.8084 

0.7973 

0.6569 

0.5018 

0.4849 

3 

69  75 

2.6431 

0.7598 

0.7386 

0.5116 

0.4861 

4 

1694 

2.6125 

0.7223 

0.7946 

0.5261 

0.5041 

4 

7675 

2.4086 

0.6998 

0.7519 

0.5149 

0.5224 

5 

3145 

2.6676 

0.6998 

0.6748 

0.5455 

0.4987 

— 

2.2629 



0.6320 

0.5561 



4.6202 

1.0936 

0.6427 

0.6012 

0.4971 

7.34  7 

1.683 

1.022 

0.956 

0.765 

HALFWAY    CREEK  DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER    195 1-SEPTEMBER    1952. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 

13 

14 
15 

16 

17 
18 

1" 
20 

Jl 
22 
23 
24 
25 

26 

27 
28 
29 
10 
31 

Average    rate,    cfs 
Total   yield,    inches 


0 

2574 

0.4902 

0.579 

0 

5528 

0.5274 

0.579 

0 

7330 

0.4712 

0.579 

0 

7198 

0.4749 

0.579 

0 

6049 

0.4861 

0.5  79 

0.5999  0.4624  0.5798 

0.5999  0.4562  0.5798 

0.5449  0.4549  0.5798 

0.5099  0.4549  0.5798 

0.5287  0.4536  0.5798 

0.5124  0.4597  0.5798 

0.4999  0.5056  0.5798 

0.4999  0.4699  0.5798 

0.4999  0.4624  0.5798 

0.4999  0.4599  0.5798 


0.4987 
0.4949 
0.4808 
0.4636 
0.4686 


0.4824 
0.4774 
0.4836 
0.4724 
0.4662 
0.4649 

0.5100 
0.811 


0.4674 
0.4699 
0.4699 
0.4699 
0.4699 


0.5799 
0.5799 
0.5499 
0.5549 
0.5748 


0.5798 
0.5798 
0.5  798 
0.5798 
0.5798 


0.4612  0.4699  0.5798 

0.4762  0.4699  0.5798 

0.4899  0.4699  0.5798 

0.4887  0.5524  0.5798 

0.4849  0.5799  0.5798 


0.5798 
0.5798 
0.5798 
0.5798 
0.5798 
0.5798 


0.4939        0.579E 
0.760  0.922 


1.0100 

8.2943 

2 

.3253 

0.8714 

0.8894 

0.4904 

0.9727 

10.9389 

2 

.8313 

0.8814 

0.6734 

0.4920 

1.0598 

11.9742 

J 

.7552 

0.8604 

0.6540 

0.4833 

1.0123 

12.7495 

2 

.6431 

0.8377 

0 .  64  34 

0.4902 

1.3338 

11.7667 

J 

.51  76 

0.8329 

0.6292 

0.4844 

2.5714 

10.4625 

2 

.3807 

0.8254 

0.6037 

0.4973 

4.8262 

9.5371 

2 

.2  350 

0.8267 

0.5956 

0.4849 

7.1139 

8.4246 

2 

.0866 

0.7898 

0.5999 

0.4681 

5.0913 

7.3189 

1 

.9547 

0.7892 

0.6748 

0.4499 

3.5579 

6.4476 

1 

.8296 

0.7898 

0.6998 

0.4701 

3.0860 

6.3418 

1 

7467 

0.7748 

0.6998 

0.5199 

3.1526 

6.3590 

1 

6783 

0.7860 

0.6149 

0.4989 

0 

6998 

4.4999 

6.3632 

1 

5809 

0.7823 

0.5855 

0.5046 

0 

7148 

5.5523 

6.1065 

1 

4691 

0.7711 

0.5735 

0.5007 

0 

6963 

3.8057 

5.5627 

1 

4288 

0.6848 

0.5774 

0.4700 

0 

6898 

2. 7220 

5.0680 

1 

3613 

0.6  709 

0.5605 

0.4676 

0 

6724 

2.9114 

4.4642 

1 

3215 

0.6467 

0.5598 

0.4503 

0 

6674 

5.9796 

4.1396 

1 

3046 

0.6432 

0.5  384 

0.44  76 

0 

6624 

7.8510 

4.0369 

1 

2189 

0.6303 

0.5334 

0.44  36 

0 

6524 

7.1894 

4.2055 

1 

1692 

0.6236 

0.5299 

0.4424 

0 

6474 

6.3683 

4.2829 

1 

1372 

0.6140 

0.5524 

0.44  86 

0 

6848 

7.7324 

4.0014 

1 

1043 

0.6148 

0.5524 

0.4499 

0 

5999 

8.7599 

3.8290 

1 

1985 

0.6226 

0.5809 

0.4349 

u 

5999 

10.1794 

3.8568 

1 

6584 

0.6099 

0.5624 

0.4299 

0 

5874 

11.9448 

3.9401 

1 

36  38 

0.6115 

0.54  74 

0.4299 

0 

5499 

14.0868 

3.8205 

1 

2  76  7 

0.6107 

0.6173 

0.4299 

0 

5499 

14.9283 

3.8246 

1 

1957 

0.6207 

0.5524 

0.4299 

0 

6108 

15.2457 

3.7374 

1 

1110 

0.6273 

0.5099 

0.4299 

0 

9603 

12.9283 

3.6218 

0 

9698 

0.5928 

0.4999 

0.4299 

1 

3289 

10.5040 

3.3786 

0 

9189 

0.6139 

0.4926 

0.4299 

1 

0348 



3.2424 



0.6957 

0.4885 





6.2661 

6.1967 

1 

6590 

0.7144 

0.5924 

0.4633 



9.643 

9.854 

2 

553 

1.  136 

0.942 

0.713 

Average    annual    rate: 
Total    annual   yield: 
Peak    flow:       15.3553   cfs, 


1830   hrs.    28  April 


12 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    1952-SEPTEMBER    1953. 

OCT  NOV  DEC  JAN  FEB  MAR  ATR  MAY  JUNE  JULY 


1 

0.4299 

0.4299 

0.4524 

0.4499 

0.4199 

0.7623 

1.1851 

2.6946 

3.2948 

0.9136 

0.6571 

0.5  349 

2 

0.4299 

0.4299 

0.4424 

0.4499 

0.4274 

0.6924 

1.3640 

3. 1175 

4.4464 

0.8688 

0.6765 

0.5297 

3 

0.4299 

0.4299 

0.4549 

0.4499 

0.4994 

0.6149 

1  .  39  1  3 

2.7184 

4.4999 

0.8186 

0.6566 

0.5161 

4 

0.4299 

0.4224 

0.4524 

0.4536 

0.7273 

0.5849 

1.6153 

2.5249 

4.5282 

0.7817 

0.6074 

0.5103 

5 

0.4299 

0.4199 

0.4499 

0.4549 

0.7223 

0.5799 

1.7512 

2.6248 

4.7349 

0.  7575 

0.6123 

0.4868 

6 

0.4299 

0.4199 

0.4499 

0.4586 

0.6698 

0.5947 

1.60  74 

3.3597 

4.7565 

0.7  308 

0.6011 

0.4  7  70 

7 

0.4299 

0.4199 

0.4499 

0.4599 

0.5549 

0.6598 

1.3560 

4.3016 

5.8187 

0.7019 

0.6065 

0.4681 

8 

0.4299 

0.4199 

0.4499 

0.4636 

0.4974 

0.9873 

1.0473 

4.2216 

5.7751 

0.6807 

0.6409 

0.4665 

9 

0.4299 

0.4199 

0.4499 

0.4686 

0.4824 

1.4443 

0.9  32  3 

3.5503 

5.4255 

0.6748 

0.65  74 

0.4824 

10 

0.4299 

0.4274 

0.4499 

0.4699 

0.4649 

1.4  7  38 

0.8199 

3.0320 

5.1090 

0.7773 

0.6990 

0.4  7  74 

11 

0.4299 

0.4299 

0.4499 

0.4736 

0.4449 

1. 3640 

0.7748 

2.bl 38 

4.6407 

0.7061 

0.6582 

0.4728 

12 

0.4299 

0.4299 

0.4499 

0.4749 

0.44  36 

1.2941 

0. 7149 

2.3225 

4.2890 

0.6840 

0.6669 

0.4691 

13 

0.4299 

0.4299 

0.4499 

0.4786 

0.4486 

1. 1482 

0.8373 

2.2  765 

3.9641 

0.6449 

0.6292 

0.4583 

14 

0.4299 

0.4374 

0.4499 

0.8698 

0.4336 

0.8998 

0.7936 

2.7087 

3.6307 

0.6149 

0.6394 

0.4564 

15 

0.4299 

0.5772 

0.4499 

0.8648 

0.4586 

0.8048 

1.0341 

3.1564 

3. 3386 

0.5999 

0.6220 

0.461b 

16 

0.4299 

0.5124 

0.4499 

0.6249 

0.4636 

0.8123 

2.1765 

3.2092 

3.0701 

0.5999 

0.6030 

0.4622 

1  7 

0.4299 

0.4499 

0.4499 

0.5449 

0.4686 

0.9248 

3.3744 

3.4353 

2.76  34 

0.6398 

0.5846 

0.4607 

18 

0.4299 

0.4574 

0.4499 

0.8548 

0.4736 

0.9298 

2.4123 

3.5549 

2.5102 

0.6408 

0.5853 

0.4589 

19 

0.4299 

0.4599 

0.4499 

1.4892 

0.4749 

0.8223 

2.3261 

5.1545 

2.4010 

0.6273 

0.5728 

0.4590 

20 

0.4299 

0.4674 

0.4499 

1.1063 

0.4  786 

0.7223 

4.7662 

6.0174 

2.2793 

0.6249 

0.5  701 

0.4528 

21 

0.4262 

0.4549 

0.4499 

0.8223 

0.4836 

0.6698 

6.  7060 

5.6618 

2.0549 

0.6249 

0.5788 

0.4524 

22 

0.4287 

0.4424 

0.4499 

0.6924 

0.4887 

0.6299 

7.9220 

4.8410 

1.8245 

0.6144 

0.5795 

0.4452 

23 

0.4299 

0.4549 

0.4499 

0.6149 

0.4937 

0.6049 

8.2972 

4.4457 

1.7444 

0.5999 

0.5516 

0.4558 

24 

0.4299 

0.4449 

0.4499 

0.5999 

0.4987 

0.7096 

7.3461 

4.3662 

1.6141 

0.5978 

0.5380 

0.4565 

25 

0.4299 

0.44  74 

0.4499 

0.5999 

0.5073 

1.4764 

6.384  3 

4.3942 

1.4999 

0.5907 

0.5278 

0.4562 

26 

0.4299 

0.4499 

0.4499 

0.5999 

0.5174 

2.4066 

6.2276 

4.6046 

1.4674 

0.8000 

0.5280 

0.4567 

27 

0.4299 

0.4499 

0.4499 

0.5999 

0.5199 

2.7339 

6.4265 

4.9011 

1.3890 

0.6623 

0.5395 

0.4499 

28 

0.4299 

0.4499 

0.4499 

0.5999 

0.6399 

3.0160 

7.3339 

5.1455 

1.2403 

0.6249 

0.5282 

0.4486 

29 

0.4299 

0.4499 

0.4499 

0.5549 



3.0488 

5. 7900 

4.640  7 

1.0414 

0.5775 

0.5176 

0.4486 

30 

0.4299 

0.4574 

0.4499 

0.4499 



2.8239 

4.7826 

4.4323 

0.9499 

0.5593 

0.5076 

0.4441 

31 

0.4299 



0.4599 

0.4199 



1.8622 



4.3918 



0.5925 

0.5080 



AV€ 

irage    race,    cfs 

0.4295 

0.4464 

0.4503 

0.6100 

0.5082 

1.2357 

3.3166 

3.8127 

3.2003 

0.6754 

0.5949 

0.4692 

Tot 

:al   yield,    inches 

0.683 

0.687 

0.716 

0.9  70 

0.7  30 

1.965 

5.104 

6.06  3 

4.925 

1.074 

0.946 

0.722 

Average    annual    rate:      1.3130    cfs. 
Total   annual  yield:      24.585    area    inches 
Peak    flow:      6.2897    cfs,    1000   hrs.    20  May 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET  PER   SECOND,    OCTOBER   1953-SEPTEMBER   1954. 


1 

0.4299 

0.4099 

0.4524 

0.4249 

0.4736 

0.5499 

0.5809 

0.8273 

0.4812 

0.4199 

0.3999 

0.4032 

2 

0.4299 

0.4061 

0.4499 

0.4249 

0.4824 

0.5424 

1. 1037 

0.7905 

0.4724 

0.4199 

0.3999 

0.4235 

3 

0.4299 

0.4011 

0.4499 

0.4249 

0.4924 

0.5224 

1.9259 

0.7864 

0.4699 

0.4199 

0.3974 

0.4299 

4 

0.4299 

0.4149 

0.4462 

0.4249 

0.4987 

0.5224 

2.3980 

0.7779 

0.4662 

0.4199 

0.5902 

0.4161 

5 

0.4224 

0.4386 

0.4449 

0.4287 

0.4999 

0.5274 

2.6910 

0.7705 

0.4996 

0.4199 

0.4174 

0.4077 

6 

0.4199 

0.4599 

0.4449 

0.4262 

0.4961 

0.5374 

2.7038 

0.7707 

0.5051 

0.4199 

0.3974 

0.3999 

7 

0.4199 

0.4574 

0.4449 

0.4287 

0.4949 

0.5474 

2.0186 

0.7592 

0.4928 

0.4199 

0.3924 

0.3999 

8 

0.4349 

0.4586 

0.4449 

0.4449 

0.4949 

0.5499 

1.7297 

0.7454 

0.4724 

0.4199 

0.3999 

0.4188 

9 

0.4399 

0.4636 

0.4449 

0.4  349 

0.4911 

0.5574 

1.6926 

0.7106 

0.4757 

0.4162 

0.3999 

0.4153 

10 

0.4399 

0.4536 

0.4449 

0.4299 

0.4786 

0.5674 

1.6850 

0.6940 

0.4649 

0.4111 

0.3999 

0.4083 

11 

0.4399 

0.4462 

0.4449 

0.4299 

0.4711 

0.5774 

1.5920 

0.6732 

0.4562 

0.4099 

0.4074 

0.4024 

12 

0.4399 

0.4374 

0.4412 

0.4299 

0.4624 

0.5799 

1.5487 

0.6455 

0.4512 

0.4099 

0.4061 

0.4170 

13 

0.4399 

0.4  349 

0.4399 

0.4299 

0.4562 

0.5799 

1.5234 

0.6092 

0.4499 

0.4099 

0.4049 

0.4211 

14 

0.4399 

0.4274 

0.4399 

0.4262 

0.4586 

0.5799 

1.7712 

0.5813 

0.469  7 

0.4099 

0.3945 

0.4147 

15 

0.4399 

0.4249 

0.4399 

0.4211 

0.4599 

0.5799 

1.6119 

0.5582 

0.4536 

0.4099 

0.3930 

0.4124 

16 

0.4324 

0.4174 

0.4399 

0.4237 

0.4374 

0.5874 

1.4  740 

0.5524 

0.4799 

0.4099 

0.3911 

0.4149 

17 

0.4262 

0.4336 

0.4399 

0.4211 

0.4224 

0.5824 

1.4404 

0.5707 

0.4462 

0.4099 

0.3949 

0.4149 

18 

0.4472 

0.4287 

0.4  399 

0.4161 

0.4199 

0.5874 

1.5020 

0.5089 

0.4486 

0.4174 

0.3924 

0.4149 

19 

0.4886 

0.4662 

0.4399 

0.4187 

0.4274 

0.5899 

1.4190 

0.5001 

0.4462 

0.4199 

0.3824 

0.4149 

20 

0.4961 

0.5249 

0.4399 

0.4237 

0.4449 

0.5899 

1.2  700 

0.4937 

0.4412 

0.4124 

0.3799 

0.4149 

21 

0.5438 

0.4762 

0.4399 

0.4238 

0.4803 

0.5899 

1.1732 

0.4999 

0.4  362 

0.4099 

0.3918 

0.4149 

22 

0.5274 

0.4474 

0.4362 

0.4224 

0.5029 

0.5899 

1.0302 

0.5299 

0.4312 

0.4099 

0.3911 

0.4251 

23 

0.5266 

0.4374 

0.4349 

0.4199 

0.5061 

0.59  74 

0.9648 

0.4949 

0.4224 

0.4099 

0.3796 

0.4362 

24 

0.5846 

0.4312 

0.4349 

0.4199 

0.5499 

0.5999 

0.6998 

0.4799 

0.4199 

0.4099 

0.3824 

0.4364 

25 

0.5488 

0.4562 

0.4349 

0.4274 

0.5674 

0.5924 

0.8981 

0.4874 

0.4199 

0.4127 

0.3887 

0.4299 

26 

0.5480 

0.4649 

0.4349 

0.4224 

0.5699 

0.5899 

0.8900 

0.4899 

0.4536 

0.4438 

0.3849 

0.4224 

27 

0.5597 

0.4649 

0.4349 

0.4274 

0.5624 

0.5674 

0.8389 

0.4861 

0.4923 

0.4462 

0.3815 

0.4199 

28 

0.5326 

0.4649 

0.4312 

0.4149 

0.5524 

0.5641 

0.8857 

0.4849 

0.4549 

0.4299 

0.3787 

0.4199 

29 

0.5123 

0.4649 

0.4299 

0.4211 



0.5648 

0.8788 

0.4812 

0.4386 

0.4198 

0.3849 

0.4199 

30 

0.4949 

0.4612 

0.4299 

0.4474 



0.5765 

0.8619 

0.4874 

0.4237 

0.4199 

0.4082 

0.4199 

31 

0.4409 



0.4299 

0.4662 



0.5  764 



0.4861 



0.4080 

0.4087 



Average 

rate,    cfs 

;             0.4710 

0.4458 

0.4402 

0.4270 

0.4874 

0.5  704 

1.4335 

0.6043 

0.4581 

0.4169 

0.4006 

0.4172 

Total  y 

ield,    incl 

les        0.749 

0.686 

0.700 

0.679 

0.700 

0.907 

2.206 

0.961 

0.705 

0.663 

0.637 

0.642 

Average   annual    rate:      0.5466    cfs. 
Total    annual  yield:      10.235   area   inches 
Peak    flow:      3.0390    cfs,    1600   hrs.    5   April 
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HALFWAY  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1954-SEPTEMBER  1955. 


I 

0.4199 

0.4299 

0.4149 

0.4399 

0.4299 

0.4324 

1.2908 

2.0875 

1.3427 

0.6099 

0.4199 

0.3949 

2 

0.4199 

0.4299 

0.4187 

0.4399 

0.4412 

0.4424 

1.3856 

3.  1187 

1.2536 

0.4949 

0.4199 

0.3924 

1 

0.4199 

0.4299 

0.4199 

0.4399 

0.4412 

0.4412 

1.4309 

2.7904 

1.5584 

0.5653 

0.4199 

0.3874 

4 

0.4199 

0.4299 

0.4199 

0.4399 

0.4287 

0.4399 

0.9764 

2.8552 

1.8195 

0.5361 

0.4199 

0.3899 

5 

0.4274 

0.4299 

0.4199 

0.4399 

0.4249 

0.4  399 

0.8024 

3.6600 

1.7884 

0.5051 

0.4199 

0.3899 

>. 

0.4262 

0.4336 

0.4199 

0.4362 

0.4249 

0.4399 

0.9050 

4.3900 

1.6725 

0.4894 

0.4155 

0.3899 

7 

0.4211 

0.4349 

0.4199 

0.4660 

0.4249 

0.4570 

1.2383 

4.3543 

1.5114 

0.4999 

0.4199 

0.3899 

H 

0.4247 

0.4349 

0.4199 

0.4713 

0.4249 

0.5407 

1.8645 

4.3845 

1.3556 

0.4896 

0.4199 

0.3899 

9 

0.4435 

0.4274 

0.4199 

0.4472 

0.4174 

0.6273 

2.6631 

4.4279 

1.2653 

0.4801 

0.4199 

0.3899 

LO 

0.4249 

0.4211 

0.4199 

0.4374 

0.4149 

0.6836 

2.9758 

4.0066 

1.2004 

0.4676 

0.4124 

0.3899 

11 

0.4211 

0.4199 

0.4199 

0.4362 

0.4187 

0.6998 

2.4063 

3.8456 

1.1362 

0.4749 

0.4024 

0.3899 

12 

0.4214 

0.4199 

0.4199 

0.4386 

0.4199 

0.7681 

1.8183 

3.6  07 

1.0492 

0.4634 

0.3999 

0.3895 

1  I 

0.4401 

0.4199 

0.4199 

0.4362 

0.4199 

1.1185 

1.9475 

3.3069 

1.0119 

0.5044 

0.3999 

0.3899 

14 

0.4211 

0.4199 

0.4199 

0.4312 

0.4240 

1.1564 

2.7127 

2.9928 

1.1734 

0.4473 

0.3999 

0.3899 

1'. 

0.4199 

0.4199 

0.4199 

0.4374 

0.4249 

0.8277 

2.9571 

2.6886 

0.9869 

0.4381 

0.3999 

0.3899 

L6 

0.4161 

0.4199 

0.4237 

0.4362 

0.4249 

0.7214 

3.0040 

2.4020 

1.0357 

0.4399 

0.4074 

0.3899 

17 

0.4111 

0.4199 

0.4249 

0.4349 

0.4249 

0.6774 

3.2358 

2.1593 

0.9342 

0.4399 

0.4099 

0.3899 

IK 

0.4099 

0.4199 

0.4249 

0.4386 

0.4249 

0.6584 

2.6240 

2.0096 

0.8211 

0.4211 

0.4099 

0.4052 

19 

0.4099 

0.4199 

0.4287 

0.5598 

0.4287 

0.6424 

1.9550 

1.9327 

0.7673 

0.4188 

0.4099 

0.4122 

.'ii 

0.4099 

0.4199 

0.4299 

0.5399 

0.4299 

0.6099 

1.7768 

1.9170 

0.7149 

0.4149 

0.4061 

0.4037 

21 

0.4174 

0.4199 

0.4299 

0.4524 

0.4299 

0.5699 

1.7652 

1.8487 

0.7299 

0.4199 

0.4049 

0.3961 

.'.' 

0.4199 

0.4199 

0.4299 

0.4299 

0.4299 

0.5J74 

1.6792 

1.7828 

0.7074 

0.4161 

0.4049 

0.3849 

23 

0.4199 

0.4199 

0.4299 

0.4299 

0.4299 

0.5174 

1.4931 

1.8008 

0.6998 

0.4111 

0.4011 

0.3899 

24 

0.4274 

0.4087 

0.4299 

0.4299 

0.4299 

0.5011 

1.5427 

1.7542 

0.6998 

0.5075 

0.3999 

0.3973 

25 

0.4299 

0.4011 

0.4336 

0.4299 

0.4299 

0.4949 

2.2667 

1.5395 

0.6898 

0.5149 

0.4195 

0.4662 

.'(, 

0.4374 

0.3961 

0.4349 

0.4299 

0.4299 

0.5061 

2.9877 

1.4085 

0.6549 

0.4624 

0.4124 

0.4409 

27 

0.4399 

0.3949 

0.4349 

0.4299 

0.4299 

0.5174 

2.3618 

1.2830 

0.6449 

0.4316 

0.3999 

0.4211 

2K 

0.4399 

0.4024 

0.4386 

0.4299 

0.4299 

0.5574 

2.1499 

1.1926 

0.6099 

0.4211 

0.3922 

0.4161 

29 

0.4399 

0.4087 

0.4399 

0.4299 



0.8479 

2.5967 

1.0981 

0.6330 

0.4161 

0.3987 

0.4111 

U) 

0.4324 

0.4137 

0.4399 

0.4299 



0.9209 

3.2234 

1.1074 

0.6352 

0.4072 

0.3987 

0.4099 

31 

0.4299 



0.4399 

0.4299 



0.7936 



1.3220 



0.4174 

0.3958 



Avera 

ge  rate,  cfs 

0.4245 

0.4198 

0.4257 

0.4452 

0.4265 

0.6320 

2.0677 

2.5512 

1.0364 

0.4685 

0.4081 

0.3996 

Total 

yield,  incl 

es   0.675 

0.646 

0.677 

0.708 

0.613 

1.005 

3.182 

4.057 

1.595 

0.745 

0.649 

0.615 

Average  annual  rate:   0.8100  cfs. 
Total  annual  yield:   15.197  area  inches 
Peak  flow:   4.7695  cfs,  1400  hrs.  7  May 


HALFWAY  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 955-SEPTEMBER  1956. 


1 

0.4099 

0.3949 

0.4510 

0.6199 

0.6049 

0.4499 

1.3682 

1.4357 

1.1160 

0.4942 

0.4336 

0.4111 

2 

0.4099 

0.3949 

0.4403 

0.5799 

0.5524 

0.4499 

1.6016 

1.5432 

1.0541 

0.4817 

0.4336 

0.4099 

3 

0.4137 

0.3949 

0.4376 

0.5324 

0.5224 

0.4799 

1.3460 

1.5318 

1.0057 

0.4942 

0.4462 

0.4183 

4 

0.4149 

0. 3911 

0.4395 

0.5124 

0.5199 

0.5199 

1.2621 

1.6076 

0.9448 

0.4799 

0.4499 

0.4221 

'"■ 

0.4116 

0.3937 

0.4530 

0.5024 

0.5049 

0.5524 

1.1148 

1.6530 

0.9189 

0.4674 

0.4462 

0.4243 

6 

0.4174 

0.3949 

0.4369 

0.4961 

0.4924 

0.5674 

1.0422 

1.5651 

0.8736 

0.4465 

0.4449 

0.4216 

7 

0.4124 

0.3911 

0.4470 

0.4836 

0.4861 

0.5624 

1.0156 

1.5198 

0.8189 

0.4398 

0.4449 

0.4225 

8 

0.4024 

0.3899 

0.4379 

0.4949 

0.4812 

0.5149 

1.0320 

1.4340 

0.8006 

0.4299 

0.4412 

0.4409 

9 

0.3999 

0.3899 

0.4374 

0.4961 

0.4724 

0.5374 

1.1358 

1.3365 

0.6674 

0.4209 

0.4399 

0.4242 

10 

0.3999 

0.3941 

0.4324 

0.4836 

0.4624 

0.6032 

1.4119 

1.5018 

0.6798 

0.4175 

0.4199 

0.4195 

11 

0.4037 

0.4227 

0.4462 

0.4799 

0.4599 

0.5961 

1.6339 

1.5045 

0.6748 

0.4565 

0.4288 

0.4235 

12 

0.4087 

0.4383 

0.4612 

0.4799 

0.4599 

0.6299 

1.7114 

1.6275 

0.6474 

0.4391 

0.4357 

0.4231 

13 

0.4099 

0.4301 

0.4699 

0.4762 

0.4562 

0.5774 

1.6139 

1.6810 

0.6249 

0.4162 

0.4187 

0.4220 

14 

0.4099 

0.4211 

0.4705 

0.5037 

0.4549 

0.5482 

1.5586 

1.8938 

0.6049 

0.4154 

0.4199 

0.4166 

15 

0.4099 

0.4249 

0.4699 

0.9739 

0.4512 

0.5540 

1.5084 

2.7783 

0.6507 

0.4224 

0.4199 

0.4143 

16 

0.4061 

0.4211 

0.4699 

3.  1  739 

0.4499 

0.5313 

1.5449 

3.4683 

0.6726 

0.4164 

0.4360 

0.4127 

1  / 

0.4049 

0.4237 

0.4699 

1.9511 

0.4499 

0.6406 

1.8305 

3.2513 

0.6360 

0.4162 

0.4272 

0.4255 

18 

0.4011 

0.4287 

0.4699 

1.3416 

0.4499 

1.0773 

1.8441 

2.8392 

0.6090 

0.4137 

0.4199 

0.4249 

19 

0.4153 

0.4684 

0.4699 

1.0448 

0.4499 

2.0211 

1.9339 

2.5474 

0.5780 

0.4087 

0.4162 

0.4259 

211 

0.4137 

0.4897 

0.4712 

0.8761 

0.4499 

2.2722 

2.1176 

2.3294 

0.5651 

0.4249 

0.4149 

0.4364 

2  1 

0.4312 

0.4606 

0.4819 

0.7598 

0.4499 

2.3368 

2.2477 

2.1875 

0.5703 

0.4299 

0.4111 

0.4332 

:.• 

0.4137 

0.4395 

0.8132 

0.6886 

0.4499 

2.7558 

2.3055 

2.0502 

0.5749 

0.4299 

0.4099 

0.4206 

2! 

0.4074 

0.4560 

4.7180 

0.6540 

0.4462 

3.4467 

2.3301 

1.8711 

0.5849 

0.4322 

0.4099 

0.4214 

2'. 

0.4011 

0.4332 

4.0638 

0.5949 

0.4412 

3.9351 

2.3219 

1.7643 

0.5699 

0.4386 

0.4099 

0.4172 

2'. 

0.3999 

0.4426 

2.3706 

0.5799 

0.4436 

4.1687 

2.1837 

1.6572 

0.5324 

0.4399 

0.4099 

0.4176 

2-i 

0.3961 

0.4324 

1.7076 

0.6182 

0.4449 

3.6156 

2.1311 

1.5339 

0.4999 

0.4436 

0.4099 

0.4099 

2  7 

0.3949 

0.4512 

1.2941 

0.6624 

0.4449 

2.8263 

2.0338 

1.6824 

0.4999 

0.4388 

0.4137 

0.4111 

2H 

0.3949 

0.4699 

1.0222 

0.6273 

0.4562 

2.2627 

1.9334 

1.5831 

0.4961 

0.4863 

0.4187 

0.4224 

2'l 

0.3949 

0.4512 

0.8108 

0.6049 

0.4524 

1.9195 

1.7645 

1.4066 

0.4667 

0.5295 

0.4199 

0.4199 

((I 

0.3949 

0.4499 

0.7349 

0.5848 



1.8827 

1.6173 

1.2954 

0.4671 

0.4636 

0.4237 

0.4199 

31 

0.3949 



0.6574 

0.5648 



2.0272 



1.1844 



0.4486 

0.4174 



Average  rate,  cfs 

0.4062 

0.4263 

0.8955 

0.7565 

0.4712 

1.4784 

1.6830 

1.8476 

0.6804 

0.4446 

0.4251 

0.4211 

Total  yield,  inches 

0.646 

0.656 

1.424 

1.203 

0.701 

2.351 

2.590 

2.938 

1.047 

0.707 

0.676 

0.648 

Average  annual  rate:   0.8325  cfs. 
Total  annual  yield:   15.587  area  inches 
Peak  flow:   3.5810  cfs,  1400  hrs.  16  May 
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HALFWAY  CREEK  DISCHARGE,  CUBIC  FEET  PERSECOND,  OCTOBER  1956-SEPTEMBER  1957. 


AUG 


1 

0.4199 

0.4636 

0.4099 

0.4299 

0.4093 

0.8234 

1.0756 

3.6751 

4.9228 

1.1042 

0.7272 

0.5721 

2 

0.4199 

0.4649 

0.4212 

0.4299 

0.4011 

0.7552 

1.1721 

4.1585 

2.1365 

1.2594 

0.7104 

0.5614 

3 

0.4199 

0.4686 

0.4174 

0.4299 

0.3999 

0.5439 

0.8968 

4.2097 

6.5391 

1.2199 

0.6950 

0.5551 

4 

0.4199 

0.4736 

0.4111 

0.4299 

0.4004 

0.6409 

1.0548 

3.9483 

5.1879 

1.1641 

0.6957 

0.5443 

5 

0.4199 

0.4749 

0.4099 

0.4299 

0.4014 

0.6499 

1.1172 

4.0132 

4.8199 

1. 1200 

0.6667 

0.4772 

6 

0.4199 

0.4749 

0.4137 

0.4299 

0.4028 

0.5924 

1.3093 

4.1624 

4.3312 

1.0931 

0.6569 

0.4710 

7 

0.4187 

0.4786 

0.4149 

0.4299 

0.3999 

0.6152 

1.3278 

4.2412 

3.8906 

1.0955 

0.6460 

0.4683 

8 

0.4149 

0.4836 

0.4149 

0.4299 

0.3999 

0.9424 

1.2192 

4.1051 

3.4609 

1.0506 

0.6348 

0.4676 

9 

0.4197 

0.4849 

0.4149 

0.4299 

0.4087 

1.6165 

1.2100 

4.0198 

3.3965 

1.0048 

0.6241 

0.4724 

10 

0.4199 

0.4849 

0.4187 

0.4299 

0.4149 

1.6294 

1.4167 

3.7762 

3.2380 

1.0207 

0.6152 

0.4755 

11 

0.4131 

0.4849 

0.4199 

0.4299 

0.4571 

1.2797 

1.8596 

3.3072 

2.8816 

1.0166 

0.6658 

0.4924 

12 

0.4736 

0.4812 

0.4199 

0.4299 

0.4887 

1.0373 

2.0265 

2.9073 

2.5595 

0.9871 

0.6300 

0.4796 

13 

0.4916 

0.4799 

0.4162 

0.4299 

0.4883 

0.8773 

2.2265 

3.2046 

2.5437 

0.9519 

0.6095 

0.4800 

14 

0.4287 

0.4762 

0.4149 

0.4299 

0.4956 

0.7595 

2.3735 

6.1004 

2.2983 

0.9084 

0.6174 

0.5076 

15 

0.4199 

0.4749 

0.4149 

0.4299 

0.5231 

0.6877 

2.1062 

6.24   8 

2.2344 

0.8865 

0.6066 

0.4697 

16 

0.4199 

0.4674 

0.4149 

0.4262 

0.5538 

0.6273 

2.0136 

5.1359 

2.4622 

0.8630 

0.6060 

0.4626 

17 

0.4199 

0.4612 

0.4111 

0.4212 

0.6059 

0.6340 

1.9518 

5.2374 

2.6287 

0.8811 

0.5734 

0.4587 

18 

0.4199 

0.4599 

0.4099 

0.4199 

0.6317 

0.6432 

2.1621 

5.3928 

2.6977 

0.8909 

0.5659 

0.5815 

19 

0.4199 

0.4562 

0.4099 

0.4162 

0.6516 

0.«937 

1.6403 

5.9699 

2.5474 

0.8780 

0.5646 

0.5713 

20 

0.4199 

0.4512 

0.4099 

0.4111 

0.6590 

0.7846 

1.4223 

6.5890 

2.4183 

0.8480 

0.5695 

0.4978 

21 

0.4199 

0.4462 

0.4099 

0.4099 

0.6294 

0.6764 

1.3263 

5.8291 

2.2505 

0.8307 

0.6033 

0.4912 

22 

0.4199 

0.4412 

0.4099 

0.4099 

0.5980 

0.6323 

1.5810 

5.3198 

2.1127 

0.8049 

0.7293 

0.4841 

23 

0.4199 

0.4399 

0.4137 

0.4099 

0.6111 

0.7186 

2.2281 

5.6776 

2.0016 

0.7913 

0.5762 

0.4742 

24 

0.4237 

0.4362 

0.4187 

0.4099 

0.652 

0.7167 

2.2707 

6.2913 

1.8586 

0.7768 

0.5793 

0.4670 

25 

0.4299 

0.4312 

0.4199 

0.4099 

0.8718 

0.6209 

2.1544 

7.3382 

1.7627 

0.7882 

0.5808 

0.4604 

26 

0.4386 

0.4224 

0.4199 

0.4099 

0.8936 

0.5926 

1.9616 

8.3943 

1.6951 

0.7868 

0.5706 

0.4568 

27 

0.4324 

0.4199 

0.4237 

0.4061 

1.2148 

0.6125 

2.0882 

8.6756 

1.6302 

0.7811 

0.5632 

0.4537 

28 

0.4262 

0.4162 

0.4249 

0.4049 

0.9119 

0.6411 

2.7555 

7.7810 

1.5511 

0.7602 

0.5560 

0.4528 

29 

0.4436 

0.4149 

0.4287 

0.4049 



0.6737 

3.5555 

6.8485 

1.4553 

0.7721 

0.6390 

0.4541 

30 

0.4536 

0.4111 

0.4299 

0.4049 



0.8215 

3.8464 

6.3150 

1.3676 

0.7436 

0.5896 

0.4536 

31 

0.4586 



0.4299 

0.4087 



0.9942 



6.0256 



0.7512 

0.5792 



Average 

rate,    cfs, 

0.4289 

0.4575 

0.4169 

0.4207 

0.5709 

0.7917 

1.8448 

5.3194 

2.9501 

0.9301 

0.6207 

0.4906 

Total  y 

ield,    inches 

0.682 

0.704 

0.663 

0.669 

0.820 

1.259 

2.839 

8.459 

4.540 

1.479 

0.987 

0.755 

Average  annual   rate:       1.2741    cfs. 
Total   annual   yield:      23.86   area   inches 
Peak    flow:      9.0955   cfs,    0200  hrs.    27  May 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    195 7-SEPTEMBER    1958. 


1 

0.4686 

0.4712 

0.4789 

0.4699 

0.4449 

0.8820 

0.9148 

3.5283 

2.0873 

0.8423 

0.6086 

0.4686 

2 

0.4858 

0.4674 

0.4599 

0.4549 

0.4486 

0.7898 

0.8977 

5.5671 

2.5574 

0.8273 

0.6011 

0.4582 

3 

0.5912 

0.46  74 

0.4659 

0.4499 

0.4536 

0.7611 

0.8573 

6.6436 

2.3680 

0.7711 

0.6111 

0.464  7 

4 

0.6196 

0.4738 

0.4593 

0.4574 

0.4586 

0.7336 

0.8498 

7.7951 

2.1664 

0.7730 

0.6033 

0.4732 

5 

0.6068 

0.4717 

0.4549 

0.4524 

0.4599 

0.8198 

0.7748 

8.8609 

1.9875 

0.7673 

0.5999 

0.4724 

6 

0.5014 

0.4743 

0.4481 

0.4574 

0.4674 

0.7779 

0.7074 

9.5241 

1.8709 

0.74  30 

0.5849 

0.4693 

7 

0.4948 

0.4718 

0.4501 

0.4749 

0.4699 

0.8036 

0.6998 

10.0392 

1.7116 

0.7254 

0.5820 

0.4686 

8 

0.4900 

0.5094 

0.4641 

0.5099 

0.4736 

0.8936 

0. 7149 

7.6131 

1.5882 

0.7286 

0.59  30 

0.5166 

9 

0.4838 

0.5625 

0.4631 

0.5199 

0.4824 

0.8311 

0.6948 

6.79  72 

1.5179 

0.7330 

0 . 6 1 86 

0.4774 

10 

0.4834 

0.5366 

0.4627 

0.5199 

0.4924 

0.7513 

0.7074 

7.4066 

1.429  7 

0.7251 

0.6024 

0.4  752 

11 

0.4861 

0.4855 

0.4641 

0.5199 

0.4911 

0. 7628 

0.8432 

7.9891 

1.36  76 

0.7205 

0.5836 

0.4686 

12 

0.4831 

0.4836 

0.4662 

0.5648 

0.4899 

0.7098 

1.2561 

7.1921 

1.3098 

0.7061 

0.5799 

0.4909 

13 

0.4803 

0.4950 

0.4632 

0.5349 

0.4899 

0.6757 

2.1434 

6.2323 

1.2486 

0.7080 

0.5862 

0.4649 

14 

0.7130 

0.5302 

0.4671 

0.5124 

0.5124 

0.6499 

3.2331 

5.4637 

1 .  2  34  7 

0.7055 

0.6049 

0.4674 

15 

0.5237 

0.4967 

0.5373 

0.4949 

0.5049 

0.6326 

4.6101 

5.0415 

1.1498 

0.7151 

0.5837 

0.4702 

16 

0.4812 

0.5282 

0.6118 

0.4824 

0.5149 

0.6132 

6.0263 

5.1021 

1.0776 

0.7014 

0.5  76  7 

0.4581 

17 

0.4799 

0.5528 

0.6083 

0.4799 

0.5755 

0.5982 

7.0168 

5.5222 

1.0248 

0.6898 

0.5899 

0.4521 

18 

0.4799 

0.4749 

0.5371 

0.4724 

0.7707 

0.5915 

5.1555 

6.0531 

0.9892 

0.6636 

0.5836 

0.4524 

19 

0.4830 

0.4724 

0.5430 

0.5  749 

1.2474 

0.6402 

5.8211 

6.5091 

0.9598 

0.6748 

0.5899 

0.4467 

20 

0.4799 

0.4721 

0.5145 

0.5237 

1.8371 

0.7538 

6.3158 

6.7359 

0.9336 

0.6758 

0.5836 

0.4499 

21 

0.4799 

0.4876 

0.4978 

0.4836 

2.2946 

1.06  71 

6.3354 

6.8707 

0.9142 

0.6755 

0.5915 

0.4486 

22 

0.4829 

0.5161 

0.5237 

0.4762 

2.7013 

1.3654 

6.8295 

6.7749 

0.895  7 

0.6567 

0.6210 

0.4285 

23 

0.4878 

0.4  765 

0.6800 

0.4712 

2.6913 

1.5621 

8.7048 

6.6459 

0.8811 

0.6567 

0.5574 

0.4248 

24 

0.4894 

0.5104 

0.4832 

0.4662 

2.0100 

1.5467 

4.5115 

6.2648 

0.8723 

0.6524 

0.5598 

0.4512 

25 

0.4799 

0.5146 

0.4753 

0.4612 

2.0304 

1.4565 

2.9551 

5.7722 

0.8848 

0.6511 

0.5433 

0.4549 

26 

0.4799 

0.49  74 

0.4651 

0.4599 

1.6301 

1.3755 

2.6697 

5.3725 

0.8773 

0.6483 

0.5374 

0.4418 

27 

0.4851 

0.7040 

0.4549 

0.4599 

1.2337. 

1.1412 

2.685  3 

4.9222 

0.8206 

0.6474 

0.5449 

0.4424 

28 

0.4796 

0.5398 

0.4562 

0.4562 

1.0085 

0.9848 

2.7313 

4.3981 

0.8442 

0.6449 

0.5876 

0.4436 

29 

0.4749 

0.6953 

0.4599 

0.4512 



0.9298 

2.8694 

3.9220 

0.8461 

0.7091 

0 .  54  30 

0.4421 

30 

0.4749 

0.5653 

0.4524 

0.4536 



0.9471 

3.4274 

3.5080 

0.84  80 

0.6748 

0.4858 

0.4375 

31 

0.4  749 



0.4499 

0.4474 



0.9798 



3.1672 



0.6349 

0.4820 



Average    rate,    cfs 

0.5058 

0.5134 

0.4911 

0.4842 

0.9886 

0.9049 

3. 1321 

6.2325 

1.3094 

0.7049 

0.5779 

0.4594 

Total  yield,    inches 

0.803 

0.790 

0.781 

0.770 

1.420 

1.439 

4.820 

9.911 

2.015 

1.  121 

0.919 

0.70  7 

Average   annual    rate:      1.3614   cfs. 
Total   annual  yield:      25.50   area   inches 
Peak    flow:      9.7683   cfs,    0800  hrs.    23  April 
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HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER   1958-SEPTEMBER    1959. 


1 

0.4412 

0.4399 

0.4312 

0.4099 

0.4499 

0.5482 

0.9881 

1.8875 

0.79  74 

0.4574 

0.4274 

0.3999 

2 

0.4436 

0.4362 

0.4299 

0.4137 

0.4499 

0.7054 

1.9336 

2.3715 

0.7748 

0.4488 

0.4262 

0.3999 

3 

0.4436 

0.4336 

0.4299 

0.4187 

0.4499 

0.6981 

2.39  33 

1.8985 

0.7599 

0.4424 

0.4212 

0.3999 

4 

0.4412 

0.4312 

0.4262 

0.4237 

0.4499 

0.6223 

2.5817 

1.7642 

0.7461 

0.4424 

0.4174 

0.3999 

5 

0.4299 

0.4386 

0.4287 

0.4287 

0.4499 

0.5582 

3.0020 

1.7200 

0.7223 

0.4366 

0.4070 

0.3999 

(. 

0.4230 

0.4374 

0.4299 

0.4336 

0.4499 

0.5297 

3.  1360 

1.7177 

0.7022 

0.4323 

0.3987 

0.3999 

/ 

0.4424 

0.4324 

0.4287 

0.4386 

0.4499 

0.5224 

2.7620 

1.6984 

0.6998 

0.4182 

0.3949 

0.3999 

8 

0.4474 

0.4312 

0.4336 

0.4  399 

0.4499 

0.5638 

2.0304 

1.7719 

0.6861 

0.4188 

0.3949 

0.3961 

'■ 

0.4599 

0.4312 

0.4412 

0.4399 

0.4499 

0.5846 

1.5071 

1.8129 

0.6578 

0.4149 

0.3949 

0.3987 

10 

0.4574 

0.4431 

0.4540 

0.4399 

0.4536 

0.5824 

1.2006 

1.7407 

0.6519 

0.4096 

0.3949 

0.4037 

11 

0.4562 

0.4374 

0.6678 

0.4399 

0.6275 

0.5686 

1.1049 

1.6476 

0.6416 

0.4094 

0.3987 

0.4049 

12 

0.4624 

0.4312 

0.4713 

0.4399 

0.4586 

0.6132 

1.1893 

1.6013 

0.6247 

0.4199 

0.3961 

0.4049 

13 

0.4674 

0.4401 

0.4154 

0.4399 

0.4374 

0.6663 

1.2338 

1.5242 

0.6065 

0.4162 

0 .  39  1 1 

0.4087 

1', 

0.4649 

0.4520 

0.4699 

0.4362 

0.4412 

0.6407 

1.1976 

1.4989 

0.5974 

0.4287 

0.3899 

0.4061 

15 

0.4452 

0.5103 

0.4  399 

0.4312 

0.4449 

0.5829 

1.0847 

1.4392 

0.5857 

0.4449 

0.3861 

0.4124 

16 

0.4405 

0.4631 

0.4174 

0.4299 

0.4599 

0.5849 

0.9210 

1.3689 

0.5249 

0.4412 

0.3849 

0.4074 

17 

0.4404 

0.4512 

0.4199 

0.4299 

0.4686 

0.5734 

0.8590 

1.3000 

0.5087 

0.4262 

0.3849 

0.4049 

18 

0.4  305 

0.4259 

0.4199 

0.4299 

0.4586 

0.74  35 

0.9998 

1.2257 

0.5020 

0.4199 

0.4111 

0.4049 

l'i 

0.4262 

0.4967 

0.4124 

0.4349 

0.4512 

0.7536 

0.8323 

1.179  7 

0.4961 

0.4199 

0.4249 

0.4087 

20 

0.4363 

0.4959 

0.4099 

0.4024 

0.4499 

0.7215 

0.6824 

1.1248 

0.4904 

0.4199 

0.44  74 

0.4174 

21 

0.4340 

0.4743 

0.4099 

0.4499 

0.4536 

0.6933 

0.7764 

1.0673 

0.4807 

0.4049 

0.4386 

0.4162 

22 

0.4329 

0.4481 

0.4099 

0.4499 

0.4549 

0.7855 

1.1035 

0.9648 

0.4961 

0.3999 

0.4312 

0.4037 

23 

0.4399 

0.4412 

0.4099 

0.4499 

0.4512 

0.9513 

1.839  7 

0.9  398 

0.4812 

0.3999 

0.4262 

0.4149 

24 

0.4399 

0.4399 

0.4099 

0.4499 

0.4499 

1.0110 

2.3984 

0.9398 

0.4718 

0.3999 

0.4212 

0.4162 

25 

0.4427 

0.4324 

0.4099 

0.4499 

0.4499 

1.0154 

2.5073 

0.9398 

0.4673 

0.3999 

0.4124 

0.4187 

26 

0.4399 

0.4312 

0.4099 

0.4499 

0.4462 

0.8298 

2.7631 

0.9398 

0.4836 

0.3999 

0.4061 

0.4199 

27 

0.4399 

0.4349 

0.4099 

0.4499 

0.4449 

0.85  35 

2.8591 

0.9398 

0.4824 

0.3999 

0.4049 

0.4199 

28 

0.4399 

0.4349 

0.4099 

0.4499 

0.4524 

0.7829 

2.7106 

0.9398 

0.4861 

0.3999 

0.4011 

0.4199 

."i 

0.4287 

0.4349 

0.4099 

0.4499 



0.7301 

2.5665 

0.9448 

0.4937 

0.4074 

0.3999 

0.4199 

30 

0.4336 

0.4349 

0.4099 

0.4499 



0.69  7  3 

2.5498 

0.8998 

0.4699 

0.4137 

0.3999 

0.4199 

31 

0.4374 



0.4099 

0.4499 



0.6736 



0.8348 



0.4137 

0.3999 



Average    rate,    cfs 

0.4421 

0.4458 

0.4320 

0.4371 

0.4512 

0.6898 

1.7902 

1.3753 

0.5861 

0.4194 

0.4075 

0.4081 

Total   yield,    inches 

0.703 

0.686 

0.687 

0.695 

0.648 

1.09  7 

2.755 

2.  187 

0.902 

0.66  7 

0.648 

0.628 

Average   annual    rate:      0.6570    cfs. 
Total   annual  yield:      12.30   area  inches 
Peak    flow:      3.4513   cfs,    1800   hrs.    6   April 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    1959-SEPTEMBER    1960. 


1 

0.4199 

0.4299 

0.4287 

0.3999 

0.4  349 

0.4299 

1.2855 

1.3876 

0.9010 

0.4882 

0.4404 

0.456  7 

2 

0.4199 

0.4299 

0.4299 

0.3999 

0.4  3  70 

0.4299 

1.2411 

1.7590 

0.8661 

0.4863 

0.4304 

0.4355 

3 

0.4162 

0.4299 

0.4299 

0.4049 

0.4056 

0.4299 

1.4561 

1.9553 

0 .  84  75 

0.4852 

0.4254 

0.4497 

4 

0.4111 

0.4299 

0.4299 

0.4099 

0.3899 

0.4299 

2.6692 

2.2937 

0.8156 

0.4843 

0.4193 

0.4357 

3 

0.4061 

0.4504 

0.4299 

0.4099 

0.3899 

0.4299 

3.8041 

2.2683 

0.7910 

0.4596 

0.4154 

0.4324 

6 

0.4011 

0.4435 

0.4299 

0.4099 

0.3899 

0.5780 

3.7538 

2.3239 

0.7771 

0.4615 

0.4231 

0.4306 

7 

0.3999 

0.4349 

0.4299 

0.4099 

0.3899 

0.7011 

3.6631 

2.4499 

0.8070 

0.4575 

0.4228 

0.4270 

8 

0.3999 

0.4349 

0.4299 

0.4099 

0.4273 

0.6636 

3.6467 

2.5163 

0.8171 

0.4571 

0.3989 

0.4257 

'< 

0.3999 

0.4312 

0.4224 

0.4061 

0.4072 

0.60-32 

3.8150 

2.5628 

0.7953 

0.4602 

0.4030 

0.4256 

10 

0.3999 

0.4299 

0.4199 

0.4049 

0.4116 

0.5436 

3.8004 

2.59  35 

0.7500 

0.4675 

0.4056 

0.4255 

11 

0.3999 

0.4299 

0.4199 

0.3988 

0.3999 

0.5124 

3.7438 

2.6040 

0.7214 

0.4536 

0.4074 

0.4256 

12 

0.3999 

0.4299 

0.4199 

0.3995 

0.4011 

0.4949 

3.6586 

2.5542 

0.7046 

0.4423 

0.4077 

0.4230 

13 

0.3999 

0.4322 

0.4199 

0.3843 

0.4670 

0.4799 

3.5819 

2.4615 

0.6471 

0.4420 

0.4098 

0.4218 

14 

0.3999 

0.4720 

0.4237 

0.3799 

0.4245 

0.4787 

3.2460 

2.3829 

0.6373 

0.4402 

0.4087 

0.4224 

15 

0.3961 

0.4312 

0.4287 

0.3799 

0.4199 

0.5054 

2.9114 

2.2532 

0.6376 

0.4316 

0.4149 

0.4257 

K, 

0.3911 

0.4299 

0.4262 

0.4326 

0.4199 

0.4859 

2.5405 

2.1138 

0.6286 

0.4167 

0.4274 

0.4268 

17 

0.3899 

0.4262 

0.4212 

0.5651 

0.4212 

0.4486 

2.2462 

1.9822 

0.6199 

0.4106 

0.4270 

0.4341 

18 

0.3899 

0.4249 

0.4162 

0.6105 

0.4249 

0.5128 

2.0194 

1.9278 

0.6056 

0.4259 

0.42  30 

0.4271 

19 

0.4011 

0.4249 

0.4111 

0.4391 

0.4249 

0.8351 

1.8712 

1.7835 

0.6030 

0.4259 

0.4174 

0.4231 

20 

0.4162 

0.4249 

0.4061 

0.3712 

0.4237 

1.7755 

1.8793 

1.6615 

0.6009 

0.4231 

0.4113 

0.4237 

21 

0.4199 

0.4249 

0.4011 

0.3789 

0.4199 

2.8159 

2.1261 

1.5148 

0.5984 

0.4190 

0.4107 

0.4218 

22 

0.4199 

0.4249 

0.3999 

0.3799 

0.4199 

3.2932 

2.3724 

1.4235 

0.5888 

0.4185 

0.4410 

0.4249 

2  ; 

0.4199 

0.4249 

0.3999 

0.3916 

0.4230 

4.1081 

2.29  74 

1.3299 

0.5813 

0.4185 

0.4430 

0.4268 

24 

0.4199 

0.4249 

0.3999 

0.3799 

0.4237 

5.2749 

1.9584 

1.2651 

0.5728 

0.4180 

0.4386 

0.4237 

JS 

0.4199 

0.4249 

0.3961 

0.3847 

0.4199 

5.1207 

1.7  759 

1.1868 

0.5583 

0.4187 

0.4368 

0.4227 

■', 

0.4199 

0.4249 

0.3949 

0.4324 

0.4274 

4.5410 

1.6  39  7 

1.1200 

0.5488 

0.42  79 

0.4303 

0.4218 

27 

0.4237 

0.4249 

0.3949 

0.4314 

0.4299 

3.9880 

1.5529 

1.1312 

0.5378 

0.4295 

0.4293 

0.4154 

28 

0.4287 

0.4249 

0.3949 

0.4 336 

0.4299 

3.5004 

1.4954 

1.0620 

0.5173 

0.4320 

0.4293 

0.4099 

29 

0.4262 

0.4249 

0.3949 

0.4383 

0.4299 

2.7329 

1.4635 

1.0017 

0.4972 

0.4268 

0.4285 

0.4099 

10 

0.4287 

0.4249 

0.3949 

0.4362 



2.1883 

1.4677 

0.9761 

0.4946 

0.4267 

0.4241 

0.4113 

31 

0.4299 



0.3911 

0.4349 



1.7757 



0.9440 



0.4388 

0.4227 



Average 

rate,    cfs 

0.4100 

0.4  308 

0.4138 

0.4176 

0.4181 

1.6488 

2.4992 

1.8318 

0.6687 

0.4415 

0.4220 

0.4263 

Total   y 

ield,    inches 

0.652 

0.663 

0.658 

0.664 

0.622 

2.622 

3.846 

2.913 

1.029 

0.702 

0.671 

0.656 

Average   annual    rate:      0.8384   cfs. 
Total    annual   yield:       15.70   area    inches 
Peak    flow:      4.4640   cfs,    1700   hrs.    9   April 
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HALFWAY    CREEK    DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    1960-SEPTEMBER    1961. 


1 

0.4099 

0.4237 

0.4457 

0.4199 

0.4099 

0.4499 

1.1952 

1. 1781 

0.5311 

0.4049 

0.4099 

0.4099 

2 

0.4099 

0.4237 

0.4378 

0.4199 

0.4137 

0.4499 

1.8424 

1.1433 

0.5303 

0.40  3  7 

0.4099 

0.4099 

3 

0.4099 

0.4376 

0.4368 

0.4199 

0.4185 

0.4544 

2.5081 

1.0985 

0.5199 

0.3999 

0.4087 

0.4099 

4 

0.4099 

0.4457 

0.4603 

0.4199 

0.4199 

0.4591 

2.6449 

0.9967 

0.5157 

0.3999 

0.4088 

0.4120 

5 

0.4099 

0.4412 

0.5061 

0.4199 

0.4237 

0.464  1 

2.2591 

0.9090 

0.5235 

0.3999 

0.4099 

0.4199 

6 

0.4099 

0.4738 

0.4557 

0.4199 

0.4287 

0.4813 

1.9319 

0.8770 

0.4920 

0.3999 

0.4349 

0.4137 

7 

0.4099 

0.4815 

0.4237 

0.4199 

0.4299 

0.4987 

1.60  71 

0.9411 

0.4836 

0.399  3 

0.4187 

0  .  4  1  49 

8 

0.4106 

0.4520 

0.4199 

0.4199 

0.4299 

0.4466 

1.2694 

0.8565 

0.4755 

0.3949 

0.4099 

0.4149 

9 

0.4149 

0.4496 

0.4199 

0.4199 

0.4299 

0.4449 

1.0598 

0.8382 

0.4698 

0.3937 

0.4080 

0.4204 

10 

0.4149 

0.4610 

0.4199 

0.4199 

0.4367 

0.4551 

0.9098 

0.8361 

0.4643 

0.3899 

0.4028 

0.4157 

11 

0.4149 

0.4512 

0.4199 

0.4199 

0.4440 

0.4599 

0.8348 

0.8533 

0.4577 

0.3899 

0.3999 

0.4077 

12 

0.4149 

0.4698 

0.4199 

0.4199 

0.4428 

0.4668 

0.8167 

0.8461 

0.4581 

0.3899 

0.4083 

0.4083 

13 

0.4187 

0.4812 

0.4199 

0.4162 

0.4314 

0.5980 

0.8001 

0.8101 

0.4558 

0.3899 

0.4109 

0.4199 

14 

0.4199 

0.4634 

0.4199 

0.4149 

0.4366 

0.8153 

0.7458 

0.7817 

0.4553 

0.3899 

0.4077 

0.4199 

15 

0.4199 

0.4649 

0.4199 

0.4149 

0.4  399 

1.0258 

0.7292 

0.7977 

0.4554 

0.3899 

0.4049 

0.4199 

16 

0.4199 

0.4593 

0.4199 

0.4149 

0.4399 

1.2219 

0.7511 

0.9249 

0.4521 

0.3899 

0.4185 

0.4223 

17 

0.4199 

0.4  70  7 

0.4199 

0.4111 

0.4399 

0.8567 

0.8601 

0.7164 

0.4438 

0.3899 

0.4070 

0.4490 

18 

0.4199 

0.4612 

0.4199 

0.4099 

0.4686 

0.7687 

0 .  9 1 84 

0.6926 

0.4410 

0.3899 

0.3977 

0.6766 

19 

0.4199 

0.4599 

0.4199 

0.4099 

0.4562 

0.6559 

1.080  7 

0.6853 

0.4376 

0.3899 

0.3949 

0.5535 

20 

0.4199 

0.4599 

0.4199 

0.4099 

0.4424 

0.6074 

1.0806 

1.9044 

0.4353 

0.3877 

0.3987 

0.4607 

21 

0.4199 

0.4536 

0.4199 

0.4099 

0.4600 

0.5872 

1.0291 

0.6728 

0.4270 

0.3832 

0.3891 

0.4349 

_'J 

0.4199 

0.4459 

0.4199 

0.4099 

0.4612 

0.6205 

0.9590 

0.6507 

0.4250 

0.3910 

0.3749 

0.4147 

23 

0.4199 

0.4424 

0.4199 

0.4099 

0.5068 

0.8580 

0.8663 

0.6332 

0.4222 

0.3928 

0.389  7 

0.4099 

24 

0.4199 

0.4436 

0.4199 

0.4099 

0.5032 

1.19  36 

0.7745 

0.6144 

0.4217 

0.3948 

0.4104 

0.4099 

25 

0.4199 

0.4615 

0.4199 

0.4099 

0.4615 

1.1770 

0.7580 

0.6049 

0.4214 

0.4035 

0.4146 

0.4099 

26 

0.4224 

0.4521 

0.4199 

0.4099 

0.5357 

0.9933 

0.7289 

0.5911 

0.4176 

0.4138 

0.4061 

0.4099 

27 

0.4237 

0.4559 

0.4199 

0.4099 

0.4887 

0.8630 

0.7184 

0.5765 

0.4131 

0.4135 

0.4037 

0.4099 

28 

0.4249 

0.4523 

0.4199 

0.4099 

0.4499 

0.7539 

0.7883 

0.5582 

0.4099 

0.4097 

0.3999 

0.4099 

29 

0.4249 

0.5100 

0.4199 

0.4099 



0.7504 

0.9575 

0.5453 

0.4099 

0.4000 

0.4095 

0.4099 

30 

0.4249 

0.4507 

0.4199 

0.4099 



0.8770 

1.1337 

0.5516 

0.4061 

0.4049 

0.4099 

0.4099 

31 

0.4249 



0.4199 

0.4099 



1.2178 



0.5399 



0.4092 

0.4099 



Avera$; 

e    rate,    cfs 

0.4176 

0.4568 

0.4270 

0.4144 

0.4484 

0.7087 

1.1521 

0.8137 

0.4555 

0.3968 

0.4062 

0.4438 

Total 

yield,    incl 

es        0.664 

0.703 

0.679 

0.659 

0.644 

1.  127 

1.773 

1.294 

0.701 

0.631 

0.646 

0.683 

Average    annual    rate:      0.5451    cfs 
Total    annual   yield:      10.20   area   inches 
Peak   flow:      3.0390    cfs,    1600   hrs.    3  April 


HALFWAY    CREEK    DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    196 1-SEPTEMBER    1962. 
T  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1 

0.4099 

0.4599 

0.4887 

0.4762 

0.5574 

0.6099 

2.6855 

4.5249 

1.9569 

0.8794 

0.5961 

0.4783 

2 

0.4061 

0.4649 

0.5355 

0.4799 

0.7285 

0.6299 

3.7456 

4.4594 

2.6642 

0.8461 

0.5893 

0.4647 

3 

0.4049 

0.4849 

0.5361 

0.4799 

0.9373 

0.6574 

3.9465 

4.6913 

2.5640 

0.8382 

0.5824 

0.4649 

4 

0.4049 

0.5199 

0.5662 

0.4799 

1.0473 

0.6798 

4.1766 

5.1574 

2.5249 

0.7789 

0.5730 

0.4624 

5 

0.4011 

0.5899 

0.5457 

0.4799 

1.1372 

0.7048 

4.3931 

5.7555 

2.2958 

0.7192 

0.5774 

0.4624 

6 

0.4028 

0.6199 

0.5299 

0.4799 

1.1997 

0.7449 

4.6134 

5.9939 

2.2424 

0.7177 

0.5774 

0.4624 

7 

0.4212 

0.6199 

0.5111 

0.4799 

1.0973 

0.7748 

4.8550 

6.0865 

2.1183 

0.7350 

0.5469 

0.4624 

8 

0.4219 

0.4920 

0.5008 

0.4799 

1.0023 

0.8161 

5.1008 

5.9712 

1.9885 

0.7320 

0.5472 

0.4615 

9 

0.4607 

0.6130 

0.5153 

0.4799 

0.9475 

0.8498 

5.359  7 

5.8451 

1.8732 

0.7170 

0.5264 

0.4624 

10 

0.4333 

0.5793 

0.4512 

0.4799 

2.1642 

0.8861 

5.6039 

5.5441 

1.7643 

0.7155 

0.4916 

0.4599 

11 

0.4481 

0.4705 

0.4403 

0.4786 

4.4980 

0.9398 

5.8611 

5.1805 

1.6523 

0.7086 

0.4743 

0.4599 

12 

0.4340 

0.4655 

0.4399 

0.4736 

4.9196 

0.9798 

6.09  30 

4.9127 

1.5658 

0.7038 

0.4724 

0.4599 

13 

0.4262 

0.4584 

0.4399 

0.4699 

3.4561 

1.0473 

6.3575 

4.4835 

1.4789 

1.1951 

0.4736 

0.4599 

14 

0.4212 

0.4391 

0.4349 

0.4699 

2.5582 

1.1198 

6.0486 

4.1182 

1.4244 

0.8454 

0.4738 

0.4599 

15 

0.4199 

0.4383 

0.4324 

0.4699 

2.1156 

1.1873 

6.6598 

3.7185 

1.4109 

0.7995 

0.4730 

0.4599 

16 

0.4199 

0.4748 

0.4299 

0.4699 

1.7864 

1.2482 

7.1312 

3.3739 

1.4350 

0.7423 

0.4830 

0.4599 

17 

0.4199 

0.4404 

0.4292 

0.4699 

1.4845 

1.3062 

7.705  7 

3.2158 

1.34  72 

0.6878 

0.4863 

0.4599 

18 

0.4199 

0.4347 

0.4299 

0.4699 

1.2495 

1.3862 

8.0148 

2.9165 

1.2498 

0.6890 

0.4863 

0.4599 

19 

0.4093 

0.4328 

0.4262 

0.4699 

1.0861 

1.5087 

7.9474 

2.74  35 

1. 1777 

0.6851 

0.4810 

0.4599 

20 

0.3822 

0.4319 

0.4581 

0.4662 

0.9795 

1.85  7  7 

8.0693 

2.65  79 

1.1189 

0.6667 

0.4791 

0.4636 

21 

0.4016 

0.4299 

0.4614 

0.4649 

0.8492 

2.0409 

6.4489 

2.5492 

1.0806 

0.6760 

0.4787 

0.4649 

22 

0.3999 

0.4299 

0.4541 

0.4649 

0.7423 

2.1521 

5.8318 

2.4954 

1.0623 

0.6847 

0.4827 

0.4649 

23 

0.4042 

0.4299 

0.4593 

0.4649 

0.6877 

2.2648 

6.9003 

2.5247 

1.0289 

0.6771 

0.4860 

0.4649 

24 

0.3999 

0.4262 

0.4719 

0.4649 

0.6695 

2.3793 

7.1756 

2.5836 

0.9923 

0.6869 

0.4810 

0.4686 

25 

0.3999 

0.4301 

0.4749 

0.4612 

0.6344 

2.4955 

7.1969 

2.6206 

0.9669 

0.6619 

0.4777 

0.4699 

26 

0.3999 

0.4349 

0.4749 

0.4599 

0.6099 

2.6133 

8.7794 

2.6504 

0.9465 

0.6399 

0.4739 

0.4699 

27 

0.3999 

0.4475 

0.4  749 

0.4636 

0.5999 

2.7327 

8.5727 

2.702  7 

0.9198 

0.6442 

0.4708 

0.4699 

28 

0.4149 

0.4894 

0.4749 

0.4612 

0.5999 

2.8538 

7.5039 

2.8266 

0.8957 

0.6397 

0.4762 

0.5001 

29 

0.4348 

0.4913 

0.4749 

0.4657 



2.99  72 

6.2085 

3.1255 

0.8898 

0.6401 

0.4793 

0.4824 

30 

0.4020 

0.4899 

0.4739 

0.4958 



3.1478 

5.1899 

3.1372 

0.8998 

0.6165 

0.4800 

0.4  799 

31 

0.4649 



0.4662 

0.4999 



3.3222 



3.0399 



2.7310 

0.4772 



Average    rate,    cfs 

0.4194 

0.4770 

0.4767 

0.4735 

1.4412 

1.5  784 

6.1511 

3.9228 

1.5180 

0.79  74 

0.5050 

0.4659 

Total  yield,    inches 

0.667 

0.734 

0.758 

0.753 

2.070 

2.510 

9.466 

6.238 

2.336 

1.268 

0.803 

0.717 

Average    annual    rate:      1.5189    cfs. 
Total   annual  yield:      28.32    area  inches 
Peak    flow:      9.1400   cfs,    1700  hrs.    26   April 
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HALFWAY  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1962-SEPTEMBER  1963. 


OCT 


1 

0.4762 

0.4299 

0.4299 

0.4199 

0.4199 

0.4599 

1.2564 

3.7325 

1.202  7 

0.7024 

0.4503 

0.4699 

2 

0.4747 

0.4312 

0.4299 

0.4199 

0.4237 

0.4599 

1.0826 

3.9320 

1.2974 

0.6845 

0.4568 

0.4696 

3 

0.4699 

0.4349 

0.4299 

0.4199 

0.4287 

0.4599 

0.8602 

3.6992 

1.4214 

0.6716 

0.4576 

0.4781 

4 

0.4699 

0.4349 

0.4299 

0.4199 

0.4336 

0.4599 

0.7802 

4.0238 

1.3626 

0.6553 

0.4505 

0.4725 

5 

0.4736 

0.4349 

0.4299 

0.4199 

0.4386 

0.4599 

0. 7680 

4.6708 

1.2820 

0.6386 

0.452 

0.4623 

6 

0.4730 

0.4349 

0.4287 

0.4199 

0.44  36 

0.4599 

0.8607 

4.5258 

1.2855 

0.6390 

0.4549 

0.4715 

7 

0.4699 

0.4336 

0.4212 

0.4199 

0.4486 

0.4599 

1.4557 

4.1939 

1.2484 

0.6294 

0.4486 

0.4736 

8 

0.4699 

0.4299 

0.4199 

0.4199 

0.4536 

0.4599 

2.3149 

3.9171 

1.1749 

0.6234 

0.4470 

0.4686 

9 

0.4674 

0.4299 

0.4199 

0.4199 

0.4512 

0.4599 

2.1851 

4.0254 

1.2144 

0.6157 

0.4430 

0.4655 

10 

0.4636 

0.4299 

0.4199 

0.4199 

0.4499 

0.4599 

1.9013 

3.7689 

1.8543 

0.59  78 

0.4414 

0.4636 

11 

0.4549 

0.4299 

0.4199 

0.4199 

0.4499 

0.9987 

2.0309 

3.36  70 

2.0066 

0.6196  ' 

0.4388 

0.4599 

L2 

0.4699 

0.4299 

0.4199 

0.4199 

0.4499 

0.4911 

2.1983 

3.1445 

1.8505 

0.6371 

0.4370 

0.4599 

1  i 

0.4649 

0.4299 

0.4199 

0.4199 

0.4499 

0.4488 

1.9833 

2.9128 

1.6942 

0.5984 

0.4354 

0.6180 

14 

0.4759 

0.4299 

0.4199 

0.4199 

0.4499 

0.44  70 

1.9011 

2.8375 

1.5967 

0.5577 

0.4341 

0.4799 

15 

0.4896 

0.4299 

0.4199 

0.4199 

0.4499 

0.4409 

2.0989 

2 .  889  1 

1.4496 

0.5126 

0.4331 

0.4736 

In 

0.4621 

0.4299 

0.4199 

0.4199 

0.4499 

0.4478 

2.09  39 

2.9  394 

1.3227 

0.5266 

0.4354 

0.4724 

1  / 

0.4586 

0.4299 

0.4199 

0.4199 

0.4499 

0.4462 

2.29  38 

2.8793 

1.2195 

0.5224 

0.4354 

0.4746 

18 

0.4499 

0.4299 

0.4199 

0.4199 

0.4499 

0.4449 

2  .  36  1  3 

2.8678 

1.174  7 

0.5530 

0.4269 

0.4774 

L9 

0.4499 

0.4336 

0.4199 

0.4199 

0.4499 

0.4906 

2.4519 

2.7988 

1.  IUJ, 

0.5607 

0.4251 

0.4712 

JO 

0.4524 

0.4349 

0.4199 

0.4199 

0.4707 

0.6870 

2.5369 

2.7387 

1.0461 

0.5553 

0.4262 

0.4748 

21 

0.4491 

0.4349 

0.4199 

0.4199 

0.4618 

1.2437 

2.5752 

2.6307 

1.00  70 

0.5638 

0.4254 

0.4712 

22 

0.4436 

0.4349 

0.4199 

0.4199 

0.4620 

1.3969 

2.6780 

2.5139 

0.9764 

0.5287 

0.4244 

0.4686 

23 

0.4449 

0.4349 

0.4199 

0.4199 

0.4588 

1.3763 

2.8754 

2.3818 

0.9336 

0.4720 

0.4257 

0.4649 

24 

0.4449 

0.4336 

0.4199 

0.4199 

0.4609 

1.1392 

2.9218 

2.2566 

0.9027 

0.4516 

0.4249 

0.4649 

25 

0.4436 

0.4299 

0.4199 

0.4199 

0.4744 

0.9585 

3.3900 

2.1129 

0.8686 

0.4451 

0.4268 

0.4636 

26 

0.4324 

0.4299 

0.4199 

0.4199 

0.4753 

0.9387 

4.2197 

1.9149 

0.8323 

0.4521 

0.4249 

0.4599 

27 

0.4299 

0.4299 

0.4199 

0.4199 

0.4699 

1.0694 

5.5719 

1.7578 

0.7948 

0.4547 

0.4249 

0.4599 

28 

0.4299 

0.4299 

0.4199 

0.4199 

0.4599 

1.5408 

7.2654 

1.62  36 

0.7561 

0.4507 

0.4237 

0.4586 

J'i 

0.4299 

0.4299 

0.4199 

0.4199 



1.39  32 

7.1740 

1.5116 

0.7449 

0.4447 

0.4212 

0.4549 

30 

0.4299 

0.4299 

0.4199 

0.4199 



1.4195 

5.1855 

1.4189 

0.7399 

0.4421 

0.4205 

0.4524 

31 

0.4299 



0.4199 

0.4199 



1.4584 



1 .  34  30 



0.4386 

0.4662 



Average 

race,    cfs 

0.4565 

0.4315 

0.4220 

0.4201 

0.4512 

0.7703 

2.6428 

2.9462 

1.2119 

0.5565 

0.4  364 

0.4724 

Total  y 

ield,    inches 

0.726 

0.664 

0.671 

0.668 

0.648 

1.225 

4.067 

4.685 

1.865 

0.885 

0.694 

0.72  7 

Average   annual    rate:      0.9348   cfs. 
Total   annual  yield:       17.525   area   inches 
Peak   flow:      8.1374    cfs,    1000  hrs.    29   April 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTObER    1963-SEPTEMBER    1964. 


1 

0.4537 

0.4574 

0.4349 

0.4399 

0.4449 

0.4299 

1.9042 

4.9167 

3.0431 

1.1699 

0.6669 

0.5039 

2 

0.4537 

0.4462 

0.4386 

0.4399 

0.44  36 

0.4299 

1.8836 

4.3641 

3.5698 

1.3308 

0.64  82 

0.5230 

3 

0.4552 

0.4449 

0.4399 

0.4399 

0.4399 

0.4299 

1.7864 

3.0331 

3.3862 

1.2730 

0.6380 

0.5094 

4 

0.4553 

0.4448 

0.4399 

0.4399 

0.4399 

0.4299 

1.7883 

2.3804 

3.1532 

1.1731 

0.6368 

0.5023 

5 

0.4599 

0.4362 

0.4399 

0.4399 

0.4399 

0.4299 

1.8237 

2.1866 

3.0285 

1.1364 

0.6355 

0.4930 

n 

0.4541 

0.4335 

0.4399 

0.4399 

0.4  399 

0.4299 

1.8899 

1.8311 

2.9  364 

1.0894 

0.6311 

0.4917 

7 

0.4505 

0.4386 

0.4399 

0.4399 

0.4399 

0.4299 

1.9225 

1.6924 

3.6252 

1.0217 

0.6686 

0.5000 

8 

0.4470 

0.4349 

0.4399 

0.4399 

0.4399 

0.4299 

1.9225 

1.8179 

5.5936 

1.0653 

0.5972 

0.4917 

'< 

0.4483 

0.4349 

0.4399 

0.4399 

0.4399 

0.4299 

1.9958 

2.4100 

6.1194 

1.0272 

0.5924 

0.4884 

10 

0.4471 

0.4312 

0.4399 

0.4399 

0.4399 

0.4299 

2.1666 

4.2262 

5.1026 

1.0023 

0.5822 

0.4792 

1  l 

0.44  79 

0.4299 

0.4399 

0.4399 

0.4399 

0.4299 

2.1314 

5.6385 

4.4342 

0  . 9  1  36 

0.5974 

0.4729 

1-' 

0.4925 

0.4299 

0.4399 

0.4399 

0.4  399 

0.4299 

2.1721 

5.7724 

3.9241 

0.8736 

0.5991 

0.4680 

13 

0.4784 

0.4299 

0.4399 

0.4399 

0.4399 

0.4299 

2.1475 

8.9050 

3.6040 

0.8336 

0.6011 

0.4605 

14 

0.4734 

0.4299 

0.4399 

0.4399 

0.4399 

0.4299 

2 . 3800 

10.7523 

3.2363 

0.8098 

0.5865 

0.4611 

15 

0.4699 

0.4299 

0.4399 

0.4399 

0.4399 

0.4299 

3.1925 

10.3019 

3.0233 

0.7926 

0.5878 

0.4624 

16 

0.4652 

0.4299 

0.4436 

0.4399 

0.4399 

0.4526 

3.8657 

10.9795 

2.8040 

0.7533 

0.6000 

0.4576 

17 

0.4649 

0.4299 

0.4436 

0.4399 

0.4399 

0.4692 

3.6278 

11.3717 

3.0498 

0.7392 

0.5812 

0.4524 

18 

0.4649 

0.4299 

0.4399 

0.4399 

0.4399 

0.4599 

3.4544 

10.6819 

2.7984 

0.7117 

0.5572 

0.4524 

19 

0.4649 

0.4299 

0.4412 

0.4399 

0.4399 

0.4636 

3.1730 

10.5262 

2.6086 

0.6982 

0.5753 

0.4512 

JO 

0.4649 

0.4299 

0.4449 

0.4399 

0.4399 

0.4691 

2.9692 

10.4480 

2.4446 

0.7155 

0.5807 

0.4565 

21 

0.4649 

0.4299 

0.4403 

0.4399 

0.4399 

0.4699 

2.7694 

9.9788 

2.5388 

0.6803 

0.5  741 

0.4624 

22 

0.4736 

0.4299 

0.4370 

0.4399 

0.4386 

0.4699 

2.6690 

8.8626 

2.4456 

0.6  741 

0.5632 

0.4591 

23 

0.5058 

0.4299 

0.4333 

0.4399 

0.4349 

0.4699 

2.5600 

7.7837 

2.4330 

0.6540 

0.5475 

0.4508 

24 

0.4658 

0.4299 

0.4462 

0.4399 

0.4349 

0.4660 

2.4703 

6.9631 

2.2631 

0.6566 

0.5356 

0.4445 

25 

0.4604 

0.4312 

0.4449 

0.4399 

0.4349 

0.4649 

2.4120 

6.3470 

2.0440 

0.7120 

0.5295 

0.4338 

26 

0.4599 

0.4349 

0.4412 

0.4399 

0.4349 

0.4636 

2.3616 

5.9491 

1.9272 

0.6748 

0.5287 

0.4373 

2/ 

0.4599 

0.4349 

0.4399 

0.4399 

0.4349 

0.4599 

2.1211 

5.4848 

1.8207 

0.6787 

0.5411 

0.4405 

26 

0.4599 

0.4349 

0.4399 

0.4412 

0.4336 

0.4750 

2.5367 

5.0345 

1.7504 

0.64  32 

0.5466 

0.4433 

:■> 

0.4671 

0.4349 

0.4399 

0.4449 

0.4299 

0.6197 

5.8734 

4.8097 

1.6278 

0.6509 

0.54  76 

0.4508 

10 

0.4786 

0.4349 

0.4399 

0.4449 



1.1543 

6.3327 

4.4059 

1.5054 

0.6371 

0.5266 

0.4435 

31 

0.4649 



0.4399 

0.4449 



1.9021 



4.0866 



0.6528 

0.5105 



Aver  a 

;e    rate,    cfs 

0.4635 

0.4341 

0.4402 

0.4402 

0.4390 

0.5219 

2.6766 

6.2564 

3.0613 

0.8533 

0.5836 

0.4672 

Total 

yield,    inches 

0.737 

0.668 

0.700 

0.700 

0.653 

0.830 

4.119 

9.949 

4.711 

1.35  7 

0.928 

0.719 

Average   annual    rate:      1.3864    cfs. 
Total   annual   yield:      26.07   area   inches 
Peak    flow:      12.4613   cfs,    2400  hrs.    16   May 
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HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER    1964-SEPTEMBER    1965. 


DAY 


OCT 


1 

0.4400 

0.4884 

0.6463 

0.5598 

0.9685 

0.8498 

1.5615 

4.9293 

2.1475 

0.7001 

0.5369 

0.5340 

2 

0.4466 

0.4879 

0.5249 

0.5374 

0.8111 

0.7523 

2.0905 

5.3371 

2.4301 

0.6798 

0.5347 

0.5312 

3 

0.4464 

1.0989 

0.5005 

0.5224 

0.7826 

0.6830 

1.7646 

4.9462 

2.2981 

0.6682 

0.5423 

0.5268 

4 

0.4512 

0.4519 

0.4922 

0.5199 

0.8485 

0.6528 

1.8303 

4.6015 

2.1872 

0.6574 

0.5290 

0.5218 

5 

0.4523 

0.4514 

0.4868 

0.5157 

1.0  79  7 

0.6464 

1.8348 

4.3348 

2.0681 

0.6466 

0.5228 

0.5274 

6 

0.4507 

0.4309 

0.4844 

0.5074 

1.1172 

0.6619 

1.6763 

3.9513 

1.9607 

0.6442 

0.5157 

0.7261 

7 

0.4493 

0.4221 

0.4799 

0.4997 

0.9554 

0. 7194 

1.5562 

3.2906 

1.8386 

0.6486 

0.5111 

0.59  30 

8 

0.4436 

0.4156 

0.4799 

0.5042 

0.8179 

0.8635 

1.4215 

2.9526 

1.7421 

0.6352 

0.5078 

0.5648 

9 

0.4492 

0.4096 

0.4799 

0.4887 

0.7486 

1.0531 

1.3185 

2.6976 

1.7600 

0.6182 

0.5111 

0.5428 

LO 

0.4457 

0.4209 

0.4799 

0.4861 

0.69  74 

1.0148 

1.2435 

3.0566 

1.7109 

0.6111 

0.5066 

0.5282 

11 

0.4426 

0.4828 

1.3231 

0.4861 

0.64  74 

1.0025 

1.1210 

4.  1934 

1.5903 

0.6099 

0.4922 

0.5130 

12 

0.4414 

0.5316 

0.4730 

0.4812 

0.6173 

1.0186 

1.0073 

5.4453 

1.5551 

0.6059 

0.4891 

0.5087 

13 

0.4  380 

0.5207 

0.7562 

0.4799 

0.5974 

0.9498 

0.9398 

5.6061 

1.4  784 

0.5996 

0.4961 

0.4989 

14 

0.4365 

0.5199 

0.4699 

0.4799 

0.5774 

0.8361 

0.9007 

5.2009 

1.4037 

0.5874 

0.4848 

0.5029 

15 

0.4376 

0.5199 

0.4699 

0.5159 

0.5499 

0.7955 

1.2060 

4.8585 

1.3583 

0.5803 

0.4832 

0.5068 

16 

0.4395 

0.5199 

0.4744 

0.5607 

0.5338 

0.8385 

1.5621 

4.8661 

1.3122 

0.5991 

0.4797 

0.5770 

17 

0.4399 

0.5235 

0.5833 

0.6586 

0.5111 

1.0724 

1.7021 

5.0461 

1.2661 

0.6364 

0.4846 

0.5559 

18 

0.4399 

0.5238 

0.4641 

0.7523 

0.5382 

2.0022 

1.9012 

4.9130 

1.2285 

1.0058 

0.5447 

0.5688 

19 

0.4399 

0.5055 

0.4649 

0.7939 

0.5930 

0.9762 

2.3161 

4.7892 

1.2009 

0.6422 

0.4987 

0.5536 

20 

0.4399 

0.5053 

0.4649 

0.8342 

0.7057 

0.5999 

3.8855 

4.8282 

1.1385 

0.5411 

0.4945 

0.5499 

21 

0.4399 

0.5220 

0.4664 

0.8373 

1.0252 

0.5715 

4.4485 

4.7862 

1.0546 

0.5259 

0.69  79 

0.5403 

22 

0.4399 

0.5299 

0.9213 

0.7617 

0.8761 

0.5149 

4.4982 

4.6399 

0.9764 

0.5261 

0.6408 

0.5353 

23 

0.4429 

0.5259 

2.9589 

0.6848 

1.0035 

0.4849 

4.4982 

4.4975 

0.9331 

0.5259 

0.5124 

0.5274 

24 

0.4410 

0.5299 

2.8950 

0.6271 

0.85  38 

0.4808 

4.4953 

4.2268 

1.2216 

0.5151 

0.5146 

0.5139 

25 

0.4451 

0.5582 

1.7358 

0.5734 

0.7621 

0.6709 

4.2198 

3.7845 

1.1143 

0.5369 

0.5287 

0.5085 

26 

0.4457 

0.5499 

1. 1141 

0.5924 

0.8623 

0.4887 

4.0201 

3.4056 

1.2570 

0.5163 

0.5390 

0.5065 

27 

0.4349 

0.5316 

0.8615 

0.5724 

1.0556 

0.4766 

3.3941 

3.1029 

1.2556 

0.5049 

0.5324 

0.4945 

28 

0.4349 

0.5295 

0.7296 

0.5624 

0.9623 

0.4749 

4.0547 

2.9074 

1.0744 

0.4958 

0.5285 

0.5553 

29 

0.4603 

0.5299 

0.6244 

0.6013 



0.5182 

4.3430 

2.7874 

0.8456 

0.4982 

0.5376 

0.5665 

30 

0.4877 

0.5536 

0.5861 

0.9764 



0.6099 

4.7132 

2.7377 

0.7502 

0.5399 

0.5419 

0.5509 

31 

0.4934 



0.5691 

1.2404 



1.0597 



2.6716 



0.5353 

0.5411 



Avera 

;e    rate,    cfs 

0.4465 

0.5198 

0.7892 

0.6200 

0.7895 

0.7854 

2.5356 

4.1737 

1.4712 

0.6012 

0.5251 

0.5413 

Total 

yield,    inches 

0.710 

0.800 

1.255 

0.986 

1.134 

1.249 

3.902 

6.637 

2.264 

0.956 

0.835 

0.833 

Average    annual    rate:       1.1499    cfs. 
Total   annual   yield:      21.56   area   inches 
Peak    flow:      6.2504    cfs,    1900  hrs.    14   May 


HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER    1965-SEPTEMBER    1966. 


1 

0.5280 

0.4462 

0.5163 

0.4699 

0.4599 

0.5181 

2.7338 

1.2823 

0.8261 

0.4963 

0.4601 

0.4539 

2 

0.5074 

0.4449 

0.5065 

0.4699 

0.4599 

0.5111 

3.2930 

1.6284 

0.8353 

0.4841 

0.4533 

0.4649 

3 

0.4859 

0.4425 

0.4974 

0.4699 

0.4599 

0.5041 

2.9080 

1.6241 

0.8005 

0.4810 

0.4549 

0.4631 

4 

0.4799 

0.4399 

0.4949 

0.4699 

0.4599 

0.4955 

2.5213 

1.6117 

0.8297 

0.4756 

0.4523 

0.4599 

5 

0.4778 

0.4399 

0.4937 

0.4699 

0.4599 

0.4820 

2.2508 

1.5569 

0.8164 

0.4688 

0.4512 

0.45  75 

6 

0.4776 

0.4399 

0.4899 

0.4699 

0.4599 

0.4864 

2.0505 

1.4815 

0.7469 

0.4622 

0.4465 

0.4558 

7 

0.4777 

0.4378 

0.4899 

0.4699 

0.4599 

0.5460 

2.1943 

1.3873 

0.7914 

0.4610 

0.4416 

0.4560 

8 

0.4764 

0.4349 

0.4899 

0.4699 

0.4599 

0.6006 

1.8226 

1.3123 

0.7889 

0.4546 

0.4393 

0.4483 

9 

0.4762 

0.4349 

0.4899 

0.4699 

0.4599 

0.8486 

2.1353 

1.482  7 

0.7539 

0.4494 

0.4349 

0.4393 

10 

0.4774 

0.4349 

0.5087 

0.4699 

0.4599 

1.4485 

2.2509 

2.8258 

0.7407 

0.4577 

0.4367 

0.4301 

11 

0.4763 

0.4309 

0.5098 

0.4699 

0.4599 

1.4812 

2.1943 

3.2400 

0.7060 

0.4594 

0.4371 

0.4320 

12 

0.4749 

0.4404 

0.5039 

0.4699 

0.4599 

1.8291 

1.9178 

2.8617 

0.6832 

0.4536 

0.4386 

0.4259 

13 

0.4749 

0.4468 

0.5018 

0.4699 

0.4599 

2. 15  76 

1.6452 

2.5635 

0.6759 

0.4454 

0.4385 

0.4283 

14 

0.4715 

0.4435 

0.4774 

0.4699 

0.4599 

2.9476 

1.6675 

2.3831 

0.6615 

0.4415 

0.4376 

0.4386 

15 

0.5134 

0.7940 

0.4699 

0.4699 

0.4599 

2.9808 

1.7011 

2.1933 

0.6334 

0.4412 

0.4349 

0.4449 

16 

0.5038 

0.5316 

0.4699 

0.4624 

0.4674 

2.8941 

1.6066 

2.0309 

0.6490 

0.4433 

0.4349 

0.4427 

17 

0.4879 

0.8643 

0.4699 

0.4599 

0.4699 

2.1123 

1.8185 

1.8762 

0.6429 

0.4422 

0.4351 

0.4410 

18 

0.4813 

0.6998 

0.4699 

0.4599 

0.4699 

1.6207 

1.8609 

1.7181 

0.6268 

0.4  392 

0.4380 

0.4353 

19 

0.4764 

0.7005 

0.4699 

0.4599 

0.4699 

1.4001 

1.7337 

1.6065 

0.5996 

0.4357 

0.4375 

0.4428 

20 

0.4749 

0.6648 

0.4699 

0.4599 

0.4699 

1.2773 

1.6810 

1.5253 

0.5733 

0.4370 

0.4375 

0.4392 

21 

0.4749 

0.6399 

0.4699 

0.4599 

0.4673 

1 .  39  79 

1.6840 

1.4464 

0.5724 

0.4372 

0.4418 

0.4385 

22 

0.4749 

0.6099 

0.4699 

0.4599 

0.4714 

1.3023 

1.6656 

1.4058 

0.5957 

0.4393 

0.4462 

0.4400 

23 

0.4749 

0.6340 

0.4699 

0.4599 

0.4966 

1.1966 

1.6575 

1.3271 

0.5774 

0.4363 

0.4396 

0.4396 

24 

0.4749 

0.5957 

0.4699 

0.4599 

0.5103 

1.1886 

1.6673 

1.2537 

0.5648 

0.4388 

0.4412 

0.4407 

25 

0.4749 

0.5796 

0.4699 

0.4599 

0.4999 

1.8164 

1.6935 

1.1984 

0.5533 

0.4274 

0.4369 

0.4383 

26 

0.4728 

0.5298 

0.4699 

0.4599 

0.4999 

2.6655 

1.7498 

1.1480 

0.5312 

0.4283 

0.4373 

0.4369 

27 

0.4533 

0.5305 

0.4699 

0.4599 

0.4999 

3.0931 

1.7512 

1.1231 

0.5097 

0.4224 

0.4394 

0.4396 

28 

0.4499 

0.5299 

0.4699 

0.4599 

0.5063 

3.0603 

1.7366 

1.0735 

0.4943 

0.4418 

0.4353 

0.4425 

29 

0.4493 

0.5274 

0.4699 

0.4599 



3.6293 

1.7016 

1.0198 

0.4867 

0.4510 

0.4375 

0.4384 

30 

0.4499 

0.5199 

0.4699 

0.4599 



3.6342 

1.6841 

0.9598 

0.4756 

0.4551 

0.4378 

0.4342 

31 

0.4499 



0.4699 

0.4599 



3.5663 



1.0859 



0.4631 

0.4447 



Average 

rate,    cfs 

0.4773 

0.5367 

0.4823 

0.4647 

0.4713 

1.7319 

1.9657 

1.6526 

0.6583 

0.4509 

0.4415 

0.44  32 

Total   y 

ield,    inches 

0.759 

0.826 

0.767 

0.739 

0.677 

2.754 

3.025 

2.628 

1.013 

0.717 

0.702 

0.682 

Average    annual    rate:      0.8147    cfs. 
Total   annual  yield:      15.29    area   inches 
Peak    flow:      3.7795    cfs,    1600   hrs.    29   March 
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HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER    1966-SEPTEMBER    1967. 


OCT 


1 

0.4312 

0.4312 

0.4231 

0.3849 

0.4049 

0.5U61 

0.6524 

1.0262 

1.82  72 

0.8973 

0.4779 

0.42  76 

2 

0.4364 

0.4314 

0.4249 

0.3849 

0.4049 

0.6743 

0.6499 

1.1158 

2.6814 

0.8448 

0.4756 

0.4278 

3 

0.4388 

0.4349 

0.4237 

0.3849 

0.4059 

0.5867 

0.6474 

1.1728 

2.5699 

0.8248 

0.4720 

0.4261 

4 

0.4365 

0.4319 

0.4199 

0.3849 

0.4089 

0.7165 

0.6424 

1.6033 

2.4144 

0.7992 

0.4668 

0.4227 

5 

0.4345 

0.4345 

0.4187 

0.3849 

0.4111 

0.6569 

0.6499 

2.5649 

2.2558 

0.7564 

0.4561 

0.4170 

i. 

0.4362 

0.4269 

0.4149 

0.3849 

0.4099 

0.5893 

0.6598 

3.2884 

1.9875 

0.7402 

0.4649 

0.4242 

/ 

0.4368 

0.4364 

0.4149 

0.3849 

0.4099 

0.5684 

0.6698 

4.1974 

2.0911 

0.7383 

0.4560 

0.4238 

8 

0.4373 

0.4371 

0.4194 

0.3849 

0.4099 

0.5601 

0.6724 

4.8562 

2.0490 

0.6975 

0.4522 

0.4549 

i 

0.4385 

0.4312 

0.4149 

0.3849 

0.4099 

0.5817 

0.6874 

5.6598 

1.7187 

0.6578 

0.4500 

0.4514 

10 

0.4328 

0.4299 

0.4111 

0.3849 

0.4076 

0.6140 

0.6924 

6.0414 

1.6484 

0.6378 

0.4414 

0.4357 

1  1 

0.4294 

0.4317 

0.4099 

0.3849 

0.4059 

0.6344 

0.7036 

4.7511 

1.4617 

0.6123 

0.4464 

0.4343 

12 

0.4578 

0.4349 

0.4061 

0.3849 

0.4113 

0.6194 

0.7149 

3.9020 

1.7842 

0.5849 

0.4430 

0.4349 

i  i 

0.4853 

0.4330 

0.4049 

0.3849 

0.4168 

0.5905 

0.7580 

3.2697 

2.6659 

0.5638 

0.4388 

0.4359 

u 

0.4441 

0.4249 

0.4049 

0.3903 

0.4172 

0.5612 

1.1838 

2.9676 

3.6528 

0.5657 

0.4238 

0.4361 

15 

0.4360 

0.4249 

0.4011 

0.3949 

0.4204 

0.5469 

1.3971 

2.9154 

3.7314 

0.5653 

0.4347 

0.4386 

16 

0.4390 

0.4249 

0.4032 

0.3911 

0.4180 

0 .  5 1 89 

1.4527 

3.1192 

3.3596 

0.5662 

0.4301 

0.4370 

17 

0.4365 

0.4222 

0.4061 

0.3935 

0.4149 

0.6457 

1.4823 

3.7361 

3.0172 

0.5894 

0.4225 

0.4374 

18 

0.4299 

0.4199 

0.4065 

0.3922 

0.4149 

0.8105 

1.5275 

4.3033 

2.7116 

0.54  74 

0.4283 

0.4371 

\:i 

0.4249 

0.4199 

0.4073 

0.3951 

0.4149 

0.8161 

1.5825 

4.5648 

2.4356 

0.5274 

0.4250 

0.4362 

20 

0.4249 

0.4202 

0.4049 

0.3954 

0.4127 

0.7845 

1.4483 

4.4305 

2.4645 

0.5206 

0.4216 

0.4348 

21 

0.4262 

0.4200 

0.4049 

0.3949 

0.4107 

0.8289 

1.3440 

4.4100 

2.0576 

0.5076 

0.4161 

0.4269 

:2 

0.4299 

0.4199 

0.4037 

0.3941 

0.4099 

0.8236 

1.3194 

4.4485 

1.9481 

0.4999 

0.4281 

0.4365 

23 

0.4299 

0.4198 

0.3999 

0.3949 

0.4161 

0.8214 

1.3238 

4.3389 

1.7359 

0.499  7 

0.4301 

0.4359 

24 

0.4299 

0.4111 

0.3987 

0.3949 

0.4259 

0.7707 

1.2305 

4.2265 

1.3958 

0.4963 

0.4264 

0.4299 

25 

0.4299 

0.4099 

0.3949 

0.3949 

0.4311 

0.7178 

1.2558 

3.9  748 

1.2751 

0.4995 

0.4264 

0.4323 

26 

0.4299 

0.4185 

0.3949 

0.3949 

0.4304 

0.6813 

1.6  782 

3.6634 

1.2577 

0.4898 

0.4275 

0.4318 

27 

0.4322 

0.4190 

0.3949 

0.3961 

0.4351 

0.6815 

2.3688 

3.3836 

1.1842 

0.4836 

0.4279 

0.4288 

jy 

0.4319 

0.4193 

0.3914 

0.3982 

0.4471 

0.6774 

2.3454 

3.2249 

1.1567 

0.4807 

0.4301 

0.4272 

29 

0.4299 

0.4195 

0.3849 

0.4013 



0.6698 

1.9870 

3.1855 

1.0239 

0.4803 

0.4386 

0.4257 

30 

0.4225 

0.4199 

0.3849 

0.4049 



0.6698 

1.7062 

3.3445 

0.9373 

0.4821 

0.4278 

0.4594 

31 

0.4317 



0.3849 

0.4069 



0.6624 



3.1632 



0.4805 

0.4261 



Average 

rate,    cfs 

0.4352 

0.4250 

0.4056 

0.3911 

0.4156 

0.6641 

1.1814 

3.5756 

2.0833 

0.6012 

0.4396 

0.4334 

Total   y 

ield,    inches        0.692 

0.654 

0.645 

0.622 

0.597 

1.056 

1.818 

5.686 

3.206 

0.956 

0.699 

0.667 

Average    annual    rate:      0.9209    cfs. 
Total   annual  yield:      17.30   area  inches 
Peak    flow:      6.4872    cfs,    0200   hrs.    10   May 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    196 7-SEPTEMBER    1968. 


1 

0.4438 

0.4357 

0.4130 

0.4199 

0.4699 

1.2879 

3.5347 

4.2609 

3.4496 

1.1456 

0.6349 

0.5445 

2 

0.5176 

0.4314 

0.4149 

0.4199 

0.4699 

1.6139 

4.0096 

5.5792 

3.8010 

1.1000 

0.6440 

0.5358 

3 

0.4410 

0.4254 

0.4178 

0.4199 

0.4699 

1.6484 

2.9483 

5.5  79  7 

3.6628 

1.0478 

0.6885 

0.5478 

4 

0.4385 

0.4340 

0.4199 

0.4199 

0.4732 

1.6903 

2.2928 

5.7543 

3.6652 

1.0222 

0.7238 

0.5402 

5 

0.5149 

0.4314 

0.4218 

0.4199 

0.4  7  70 

1.7132 

2.2540 

5.0606 

3.7895 

0.9800 

0.6297 

0.5285 

6 

0.4784 

0.4510 

0.4254 

0.4199 

0.4807 

1.5991 

2.0556 

4.1147 

3.5210 

0.9402 

0.6203 

0.5029 

7 

0.4722 

0.4279 

0.4299 

0.4199 

0.5026 

1.3381 

1.7  700 

3.7291 

3.3094 

0.9186 

0.6144 

0.4908 

8 

0.4644 

0.4272 

0.4299 

0.4199 

0.5006 

1.2221 

1.5192 

3.3646 

3.1309 

0.8873 

0.6161 

0.4892 

9 

0.4579 

0.4151 

0.4299 

0.4199 

0.5221 

0.9862 

1.5709 

2.9496 

3.1515 

0.8783 

0.6292 

0.4860 

L0 

0.4586 

0.4297 

0.4299 

0.4199 

2.6310 

0.8754 

2.3204 

3.4981 

3.0862 

0.8795 

0.6163 

0.4830 

1  1 

0.4491 

0.4299 

0.4299 

0.4199 

0.5428 

0.8484 

3.5181 

3.5577 

2.9766 

0.8573 

0.6118 

0.4S56 

12 

0.4565 

0.4299 

0.4251 

0.4204 

0.5290 

0.8828 

4.0153 

3.34  30 

2.7945 

0.8464 

0.6049 

0.4858 

1  i 

0.4570 

0.4299 

0.4249 

0.4178 

0.5090 

0.9093 

3.6355 

3.1024 

2.6643 

0.8369 

0.6084 

0.4824 

14 

0.4565 

0.4299 

0.4249 

0.4218 

0.4995 

0.9598 

2.9573 

2.8741 

2.5109 

0.7933 

0.7998 

0.4818 

15 

0.4618 

0.4251 

0.4249 

0.4481 

0.4949 

0.9382 

2.7579 

2.8016 

2.9335 

0.7707 

0.7063 

0.4836 

16 

0.462  8 

0.4249 

0.4245 

0.4336 

0.4949 

1.0058 

2.7466 

2.5139 

2.2761 

0.7492 

0.6240 

0.4869 

17 

0.4574 

0.4249 

0.4199 

0.4423 

0.4949 

0.9925 

2.4368 

2.3834 

2.0910 

0.7390 

1.0707 

0.4879 

18 

0.4604 

0.4249 

0.4199 

0.4523 

0.4968 

0.9208 

2.1047 

2.1775 

1.9  784 

0.7292 

0.7170 

0.4861 

19 

0.4562 

0.4248 

0.4199 

0.4569 

0.5099 

0.8267 

1.8698 

2.5463 

1.8554 

0.7261 

0.7214 

0.4797 

JO 

0.4608 

0.4228 

0.4199 

0.4560 

2.0147 

0.7764 

1.7521 

2.9815 

1.7589 

0.7158 

0.6161 

0.5588 

21 

0.46  36 

0.4270 

0.4199 

0.4697 

1.5184 

0.7995 

1.6437 

3.5541 

1.6650 

0.7032 

0.6189 

0.5736 

^ 

0.4649 

0.4249 

0.4199 

0.4694 

1.0362 

1.0131 

1.4665 

3.6461 

1.5754 

0.7120 

0.9820 

0.5022 

23 

0.4585 

0.4206 

0.4199 

0.4771 

0.89  70 

1.5809 

1.5891 

3.8655 

1.5342 

0.7080 

0.7473 

0.4899 

24 

0.4599 

0.4199 

0.4199 

0.4839 

1.1015 

2.3020 

1.7076 

4. 1873 

1.5001 

0.6958 

0.6549 

0.4899 

25 

0.4599 

0.4095 

0.4199 

0.4831 

1.3128 

2.6805 

1.6814 

4.3685 

1.4072 

0.6853 

0.6165 

0.4899 

26 

0.4586 

0.4151 

0.4199 

0.4834 

1.3291 

2.5453 

1.6311 

4.4374 

1.40  72 

0.6776 

0.5996 

0.4899 

■i 

0.4564 

0.4145 

0.4199 

0.4799 

1.3053 

2.1549 

1.5689 

4.3062 

1.3307 

0.6663 

0.6151 

0.4899 

28 

0.4494 

0.4099 

0.4199 

0.4763 

1.3016 

2.2653 

1.8150 

4.1980 

1.2  784 

0.6626 

0.5955 

0.4899 

29 

0.4330 

0.4099 

0.4199 

0.4745 

1.  1986 

3.1883 

2.6605 

4.2094 

1.2360 

0.6555 

0.5836 

0.4899 

10 

0.4365 

0.4099 

0.4199 

0.4699 



4.0022 

3.6655 

4.2611 

1.1992 

0.6524 

0.5767 

0.4899 

,1 

0.4429 



0.4199 

0.4699 



3.9571 



4.1271 



0.6369 

0.5788 



Average   rate,    cfs 

0.4597 

U.*24 i 

0.4220 

0.4452 

0.8477 

1.6004 

2.3835 

3.6920 

2.4121 

0.8068 

0.6666 

0.4861 

Total 

yield,    inches 

0.731 

0.653 

0.671 

0.708 

1.261 

2.545 

3.668 

5.871 

3.  712 

1.283 

1.060 

0.748 

Average   annual    rate:       1.2205    cfs. 
Total   annual   yield:      22.91    area   inches 
Peak    flow:      5.8239    els,    1800  hrs.    1    May 
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HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1969-SEPTEMBER    1970. 


1 

0.4524 

0.4739 

0.4699 

0.4703 

0.5703 

1.0448 

0.6830 

1.2004 

4.0112 

1. 1546 

0.6  752 

0.4875 

2 

0.469  7 

0.4699 

0.4699 

0.4649 

0.5524 

0.9832 

0.6582 

1.6879 

3.7948 

1.1082 

0.6634 

0.4713 

3 

0.4599 

0.4699 

0.4699 

0.4647 

0.5305 

0.8498 

0.6323 

3.6637 

3.4962 

1.0565 

0.6510 

0.4607 

4 

0.4607 

0.4678 

0.4699 

0.4627 

0.5011 

0.7867 

0.6377 

5.5636 

3.2210 

1.0275 

0.6569 

0.46  38 

5 

0.4599 

0.4678 

0.4699 

0.4615 

0.4949 

0. 7360 

0.6832 

6.3907 

2.9678 

1.0133 

0.6614 

0.6670 

6 

0.4599 

0.4678 

0.4699 

0.4617 

0.5154 

0.7048 

1.0364 

6.2698 

2.7630 

1.0184 

0.6468 

1.0441 

7 

0.4581 

0.4574 

0.4699 

0.4614 

0.5648 

0.7611 

1.7839 

5.8331 

2.5925 

1.0043 

0.6041 

0.7631 

8 

0.4534 

0.4678 

0.4686 

0.4614 

0.7148 

0.8248 

1.9283 

4.3154 

2.4417 

0.9766 

0.5918 

0.5598 

9 

0.4517 

0.4678 

0.4636 

0.4599 

0.9843 

0.8330 

1.8644 

.,.:     /: 

3.1702 

1.0232 

0.5876 

0.5302 

10 

0.4583 

0.4678 

0.4599 

0.4691 

1.2523 

0.8039 

2.1944 

*,.   /94« 

2.9177 

1.0288 

0.5782 

0.5351 

11 

0.4624 

0.4678 

0.4599 

0.4599 

1.5383 

0.7642 

2.2737 

3.4762 

2.7428 

1.0151 

0.5598 

0.5237 

12 

0.4575 

0.4678 

0.4599 

0.4591 

1.8738 

0.7214 

1.8256 

2.5818 

2.5782 

0.9794 

0.5299 

0.5213 

13 

0.4607 

0.4678 

0.4623 

0.4570 

1.7749 

0.7020 

1.4952 

3.4010 

2.5120 

0.9300 

0.5270 

0.5227 

U 

0.4699 

0.4678 

0.4624 

0.4599 

1.2883 

0.69  35 

1.3042 

3.0483 

2.3304 

0.9095 

0.5484 

0.5211 

15 

0.4699 

0.4678 

0.4675 

0.4599 

1.0078 

0.7143 

1.130  7 

2.9924 

2.2177 

0.8830 

0.5287 

0.5189 

16 

0.4699 

0.4641 

0.4649 

0.4625 

0.8742 

0.7312 

1.0038 

3.6090 

2.1270 

0.8723 

0.5249 

0.5200 

17 

0.4897 

0.4636 

0.4688 

0.4649 

0.7967 

0.7048 

1.0045 

4.4493 

2.0433 

0.8643 

0.5279 

0.5060 

18 

0.4699 

0.4612 

0.4699 

0.4649 

0.7373 

0.6940 

1.0114 

5.3815 

1.9362 

0.8353 

0.5221 

0.4812 

19 

0.4699 

0.4703 

0.4739 

0.4706 

0.7003 

0.6735 

1.0692 

6.2940 

1.8368 

0.8190 

0.5173 

0.4799 

20 

0.4994 

0.4705 

0.4749 

0.4750 

0.6790 

0.6621 

1.0592 

6.1437 

1.7488 

0.8028 

0.5132 

0.5393 

21 

0.4820 

0.4668 

0.4786 

0.4858 

0.6511 

0.6603 

1.0325 

5.3468 

1.6528 

0.8527 

0.5169 

0.5199 

22 

0.4871 

0.4605 

0.4799 

1.3154 

0.6717 

0.6915 

0.9877 

5.0693 

2.4759 

0.8240 

0.5176 

0.5152 

23 

0.4884 

0.4655 

0.4799 

1.1129 

0.6798 

0.7775 

0.9325 

5.0823 

1.4937 

0.8058 

0.5035 

0.5101 

24 

0.4899 

0.4686 

0.4745 

0.9360 

0.7680 

0.9931 

1.0903 

5.1579 

1.4217 

0.7803 

0.4928 

0.5066 

25 

0.4880 

0.4686 

0.4  724 

0.8358 

0.89  79 

1.1725 

1.5300 

5.2125 

1.3655 

0.7628 

0.4906 

0.5073 

26 

0.4849 

0.4649 

0.4699 

0.7499 

1.0369 

1.1546 

1.9112 

5.4384 

1.2968 

0.7428 

0.4834 

0.5058 

27 

0.4824 

0.4649 

0.4699 

0.7164 

1.1417 

0.9585 

1.9599 

5.4959 

1.2479 

0.7341 

0.4906 

0.5016 

28 

0.4820 

0.4686 

0.4699 

0.6745 

1.1575 

0.9160 

1.7618 

5.3855 

1.2311 

u.  ;i  ,8 

0.5338 

0.4769 

29 

0.4789 

0.4699 

0.4699 

0.6320 



0.8445 

1.5120 

5.1520 

1.2131 

0.7067 

0.5038 

0.4649 

30 

0.4753 

0.4699 

0.4724 

0.6028 



0.7825 

1.3380 

4.8316 

1.2042 

0.6977 

0.5033 

0.4649 

31 

0.4749 



0.4724 

0.5803 



0.7931 



4.4354 



0.6899 

0.4927 



Average    rate,    cfs 

0.4716 

0.4646 

0.4698 

0.5779 

0.8912 

0.8106 

1.3113 

4.5793 

2.2685 

0.8917 

0.5528 

0.5361 

Total  yield,    inches 

0.750 

0.715 

0.747 

0.919 

1.280 

1.289 

2.018 

7.282 

3.491 

1.418 

0.879 

0.825 

Average    annual    rate:       1.1521    cfs. 
Total   annual  yield:      21.613   area   inches 
Peak    flow:      6.9287   cfs,    1630   hrs.    5   May 


HALFWAY    CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    19 70-SEPTEMBER    1971. 


1 

0.4644 

0.5586 

0.7633 

0.5399 

1.9389 

0.7599 

3.0992 

5.4614 

3.3577 

4.846  7 

0.6517 

0.  ,086 

2 

0.4579 

0.5676 

0.7024 

0.5399 

2.1538 

0.7286 

2.7470 

6.1608 

3.  1463 

7.3421 

0.6507 

0.5050 

3 

0.4499 

0.5553 

0.6571 

0.5374 

1.7989 

0.7109 

2.8367 

6.7751 

2.9839 

1.0039 

0.6478 

0.6192 

4 

0.4467 

0.5287 

0.6347 

0.5274 

1.4491 

0.6998 

3.2088 

6.7179 

2.8307 

0.9910 

0.6458 

0.5493 

5 

0.4497 

0.5080 

0.6230 

0.5199 

1.2215 

0.6865 

3.7771 

5.9873 

2.7083 

0.9114 

0.6412 

0.5335 

6 

0.4805 

0.5300 

0.6355 

0.5174 

1.0423 

0.6855 

3.9692 

5.3918 

2.5812 

0.9079 

0.6389 

0.5152 

7 

0.4799 

0.5492 

0.6605 

0.5074 

0.9298 

0.7085 

5.0006 

5.3837 

2.4512 

0.9344 

0.6404 

0.5682 

8 

0.4849 

0.5428 

0.7187 

0.4907 

0.8576 

0.6982 

4.8444 

5.5413 

2.3476 

0.8798 

0.6396 

0.5337 

9 

0.5575 

0.5590 

0.8247 

0.4836 

0.8177 

0.7411 

5.3513 

5.5144 

2.2298 

0.9003 

0.6257 

0.5227 

10 

0.5683 

0.6390 

0.79  74 

0.4793 

0.8067 

0.7745 

6.4082 

5.6425 

2.0  35  7 

0.8861 

0.5985 

0.5090 

11 

0.5035 

0.6308 

0. 7464 

0.4736 

0.8343 

0.7676 

6.7218 

5.8015 

2.2052 

0.8759 

0.6554 

0.5055 

12 

0.4928 

0.6265 

0.6963 

0.4706 

0.9551 

0.8127 

5.9475 

6.2085 

1.9574 

0.8792 

0.5825 

0.4829 

13 

0.4813 

0.6123 

0.6676 

0.4693 

1.2620 

0.9611 

5.8159 

6.5819 

1.8786 

0.8668 

0.5730 

0.4800 

14 

0.4720 

0.6092 

0.6547 

0.4536 

1.7419 

0.9465 

5.6983 

6.7179 

1.8036 

0.8460 

0.5583 

0.4855 

15 

0.4636 

0.6031 

0.6424 

0.4512 

2.0056 

0.8861 

5.7769 

7.0881 

1.7146 

0.8217 

0.5612 

0.4981 

16 

0.4562 

0.5996 

0.6299 

0.4635 

1.7684 

0.8635 

6.1716 

7.1797 

1.6356 

0.8124 

0.5621 

0.49  79 

17 

0.4536 

0.5869 

0.6199 

0.8019 

1.5564 

0.bu4  8 

6.0111 

6.6151 

1.5693 

0.8000 

0.5546 

0.5022 

18 

0.4499 

0.5824 

0.6099 

3.6175 

1.3794 

0.8556 

5.4153 

5.8048 

1.4969 

0.8171 

0.5490 

0.5058 

19 

0.4499 

0.5569 

0.5974 

4.6364 

1.2318 

0.8780 

4.5367 

5.1066 

1.4406 

0.8317 

0.5386 

0.5028 

20 

0.4499 

0.5326 

0.5874 

3.4648 

1.1198 

1.0202 

4.1427 

4.5692 

1.3850 

0.8220 

0.5435 

0.5037 

21 

0.4524 

0.5063 

0.5774 

2.4782 

1.0154 

1.4317 

4.3479 

3.8335 

1.3344 

0.8056 

0.5430 

0.5027 

22 

0.4902 

0.5046 

0.5674 

1.8394 

0.9498 

1.8123 

4.7643 

3.9518 

1.2851 

0.7811 

0.5435 

0.4970 

23 

0.4732 

0.5294 

0.5598 

1.4433 

0.9048 

1.8932 

4.2394 

3.7409 

1.2448 

0.7726 

0.5374 

0.4926 

24 

0.5482 

0.5812 

0.5586 

1.184  3 

0.8775 

2.3499 

3.9620 

3.6826 

1.2177 

0.7460 

0.5303 

0.4821 

25 

0.4841 

0.9392 

0.5499 

1.0073 

0.8545 

2.3520 

3.8882 

3.8171 

1.1738 

0.7411 

0.5466 

0.4771 

26 

0.4822 

1.0385 

0.5499 

0.8873 

0.8311 

2.5941 

3.6557 

3.8894 

1.1514 

0.7213 

0.5375 

0.4888 

27 

0.4600 

0.8965 

0.5499 

0.8615 

0.8124 

3.3668 

3.3457 

3.9186 

1.1557 

0.7049 

0.5311 

0.4871 

28 

0.4681 

0.8095 

0.5474 

0.9713 

0.7861 

2.8724 

3.4383 

3.8448 

1.1356 

0.7007 

0.5826 

0.4762 

29 

0.5046 

0.7465 

0.5399 

1.2289 



3.0062 

3.8128 

3.8281 

1.1307 

0.6839 

1.1886 

0.4453 

30 

0.5103 

0.8231 

0.5399 

1.3598 



3.7315 

4.9370 

3.6647 

1.0842 

0.6748 

0.5712 

0.5032 

31 

0.5390 



0.5399 

1.79  76 



3.6325 



3.5260 



0.6616 

0.5248 



Average    rate,    cfs 

0.4817 

0.6284 

0.6307 

1.1451 

1.2107 

1.4545 

4.5955 

5.2364 

1.8559 

1.1602 

0.6031 

0.5062 

Total  yield,    inches 

0.766 

0.967 

1.003 

1.821 

1.739 

2.313 

7.072 

8.327 

2.856 

1.845 

0.959 

0.779 

Average    annual    rate:      1.6257    cfs. 
Total   annual  yield:      30.447  area  inches 
Peak    flow:      31.3954    cfs,    2400  hrs.    1   July 
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HALFWAY    CREEK   DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER   19 71-SEPTEMBER    1972. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1  0.5239  0.5070  0.6431 

2  0.5407  0.5190  0.6611 

3  0.5783  0.5311  0.6574 

4  0.6704  0.6439  0.6436 

5  0.8970  0.7151  0.6361 

6  0.8501  0.6980  0.6299 

7  0.7099  0.6926  0.6320 

8  0.612  0.6945  0.6399 

9  0.5443  0.7201  0.6399 

10  0.5274  0.7211  0.6399 

11  0.5099  0.7120  0.6399 

12  0.5003  0.7927  0.6373 

13  0.7765  0.6299 

14  0.4849  0.7587  0.6299 

15  0.4585  0.7172  0.6203 

16  0.5722  0.6757  0.6099 

17  0.4873  0.6369  0.6161 

18  0.4799  0.6113  0.6199 

19  0.4855  0.5953  0.6199 

20  0.4756  0.6103  0.6271 

21  0.4691  0.6065  0.6323 

22  0.4394  0.6099  0.6495 

23  0.4299  0.6228  0.6766 

24  0.4681  0.6389  2.0704 

25  0.4793  0.6199  2.8292 


26 
27 
28 
29 
30 
31 


Average  rate,  crs 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.4772 

0.6835 

2 

1941 

0.4991 

0.8094 

1 

2922 

0.4999 

0.7036 

1 

1632 

0.5074 

0.6574 

0 

9485 

0.5099 

0.6199 

0 

8067 

0.5074 



u 

7386 

0.5384 

0.6635 

0 

8603 

0.856 

1.021 

1 

368 
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Whipple 

Whipple  Creek  drains  a  359-acre  watershed  of  an 
unusual  L-shape  (fig.  5).  The  stream  in  the  upper  third 
of  the  drainage  flows  southeast,  then  turns  sharply  to 
drain  the  remainder  of  the  basin  while  flowing 
southwest. 

The  road  to  Francis  Peak  traverses  the  southwest- 
facing  slope  across  the  entire  upper  end  of  this  drainage. 
Much  of  the  opposite,  southeast-facing  slope  was  con- 
sidered to  be  a  flood  source  area  and  was  contour 
trenched  in  the  1930's.  These  trenches  can  still  be  seen 
from  the  road  today,  but  they  are  essentially  filled  in 
and  have  negligible  hydrologic  impact.  The  east-facing 
slope  above  approximately  8,600  feet  elevation  collects 
prodigious  amounts  of  snow  that  drifts  over  the  ridge 
dividing  this  basin  from  Halfway.  Snowbanks  often  re- 
main here  until  late  summer. 

The  Whipple  Creek  drainage  is  apparently  underlain 
by  the  same  Farmington  Canyon  Complex  of  meta- 


morphic  rocks  that  form  the  geologic  skeleton  for  all  the 
lower  Farmington  Canyon  watersheds  (Bell  1952).  This 
watershed,  throughout  its  elevational  range  from  6,640 
to  9,046  feet,  is  mostly  covered  by  shrubs,  sagebrush, 
grasses,  and  forbs.  The  zone  below  about  8,000  feet 
elevation  is  in  the  oakbrush  type  with  a  vegetation  pat- 
tern much  like  that  on  lower  Halfway. 

Based  upon  measurements  of  precipitation  in  the  1943 
water  year  at  several  points  on  the  watershed,  Croft 
(1944)  reported  that  Whipple  drainage  yielded  31  percent 
of  the  33  inches  in  annual  precipitation,  whereas  the 
Miller  catchment  yielded  51  percent.  Whipple  Creek's 
peak  snowmelt  discharge  for  that  year  was  approximate- 
ly half  that  of  Miller  Creek's,  and  occurred  10  days 
earlier  in  the  spring.  Croft  (1944)  noted  that  the  south- 
facing  watersheds  in  Farmington  Canyon,  such  as 
Whipple,  have  earlier  hydrograph  peaks  than  the  north- 
facing  drainages,  such  as  Miller.  This  also  may  be 
discerned  in  the  data  summaries  in  this  publication. 


Ofc 


ROAD 


GAGING  STATION 

Figure  5.— Topographic  map  of  Whipple 
Creek  watershed. 
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WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1939-SEPTEMBER  1940. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY     JUNE     JULY 


1 

I 
I 
. 
5 

6 

7 
« 
9 

lu 

11 
12 
13 

i  . 
15 

li, 
1/ 
l» 
19 

20 

21 

2! 
24 
25 

26 

27 

28 

2') 
id 
31 

Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.6389 

1.1222 

0.5661 

0.5541 

0.0699 

0.1378 

0.5875 

1.3472 

0.5117 

0.3194 

0.0699 

0.1378 

0.5068 

1.7508 

0.4842 

0.3191 

0.0699 

0.1378 

0.4792 

2.2774 

0.4848 

0.3294 

0.0699 

0. 1378 

0.4592 

2.2050 

0.6635 

0.3194 

0.0699 

0.1378 

0.4492 

2.2260 

0.5089 

0.3257 

0.0699 

0.1378 

0.4492 

2.6051 

0.5021 

0.3095 

0.0879 

0.1378 

1 

2A96 

0.4746 

2.5859 

0.4733 

0.3190 

0.0998 

0.1378 

0 

2496 

0.5607 

2.7025 

0.4547 

0.3061 

0.0998 

0.1378 

0 

2496 

0.6550 

3.1092 

0.4441 

0.2895 

0.0998 

0.1388 

'1 

2496 

0.6988 

3.0941 

0.4392 

0.2895 

0.0998 

0.1697 

n 

2496 

0.7787 

3.6407 

0.4392 

0.2895 

0.0998 

0.2624 

0 

2321 

0.8586 

3.2185 

0.4278 

0.3032 

0.1198 

0.1997 

0 

1997 

0.9384 

2.7025 

0.4224 

0.2554 

0.1381 

0.1997 

0 

1997 

1.0182 

2.6583 

0.4193 

0.2207 

0.1378 

0.1997 

0 

2097 

1.1111 

2.7125 

0.4054 

0.  1997 

0.1378 

0.1697 

0 

2196 

1.2978 

2.1736 

0.3831 

0.2465 

0.1378 

0.1398 

0 

2283 

1.5374 

1.7155 

0.3839 

0.2271 

0.1378 

0.1398 

0 

3213 

1.8169 

1.5108 

0.3594 

0.  1710 

0.1378 

0.1269 

0 

3927 

2.0926 

1.6894 

0.3860 

0.1256 

0. 1378 

0.0998 

') 

4388 

2. 1597 

1.3881 

0.4051 

0.1296 

0. 1378 

0.0998 

0 

4788 

2.1606 

1.2127 

0.3918 

0.1131 

0.1378 

0.0998 

'I 

5453 

2.2687 

1.1747 

0.4056 

0.1119 

0.1378 

0.0998 

0 

6239 

2.1471 

1.1356 

0.3893 

0.1223 

0.1378 

0.0998 

1) 

6543 

2.4261 

1.  1116 

0.3835 

0. 1398 

0.1378 

0.0998 

0 

6450 

2.5684 

1.0816 

0.3806 

0.1398 

0.1378 

0.0998 

1 

0432 

1.9981 

0.9912 

0.3889 

0.1398 

0.1378 

0.0998 

0 

6639 

1.5561 

0.8299 

0.2136 

0.1398 

0.1378 

0.0998 

0 

5566 

1.2990 

0.7229 

0.3594 

0.1086 

0.1378 

0.0998 

0 

5476 

1.0690 

0.6329 

0.3793 

0.0699 

0.1378 

0.0799 

II 

6325 



0.6127 



0.0699 

0.1378 



1.2373 

1.8871 

0.4342 

0.2259 

0.  1163 

0.  1349 

2.461 

3.879 

0.864 

0.464 

0.239 

0.268 

WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1940-SEPTEMBER  1941. 


1 

0.0699 

0.0499 

0.0499 

0.3394 

0.0899 

0.7687 

2 

0.0699 

0.0499 

0.0499 

0.2995 

0. 1098 

0.7687 

1 

0.0699 

0.0599 

0.0499 

0.2696 

0.  1398 

0.7687 

4 

0.0699 

0.0699 

0.0499 

0.2396 

0.  1634 

0.7687 

5 

0.0699 

0.0699 

0.0499 

0.1997 

0.2276 

0.7687 

i. 

0.0699 

0.0699 

0.0499 

0.1697 

0.2696 

0.7687 

7 

0.0599 

0.0699 

0.0499 

0.1398 

0.2696 

0.8082 

8 

0.0499 

0.0699 

0.0499 

0.1398 

0.2696 

0.8586 

9 

0.0499 

0.0699 

0.0499 

0.1198 

0.2696 

0.8586 

lu 

0.0499 

0.0699 

0.0499 

0.0899 

0.2696 

0.8586 

11 

0.0599 

0.0699 

0.0499 

0.0899 

0.3381 

0.8586 

12 

0.0699 

0.0699 

0.0499 

0.0899 

0.4892 

0.9386 

1  1 

0.0699 

0. 0699 

0.0499 

0. 0899 

0.4592 

0.8586 

14 

0.0799 

0.0699 

0.0499 

0.0699 

0.4193 

0.8186 

15 

0.0998 

0. 0998 

0.0499 

0.0499 

0.4193 

0.7687 

16 

0.0998 

0.0998 

0.0499 

0.0499 

0.4193 

0.7970 

17 

0.0998 

0.0998 

0.0499 

0. 0399 

0.4193 

0.9900 

18 

0.0998 

0.1198 

0.0499 

0.0200 

0.4193 

1.3532 

i'i 

0.0799 

0.  1398 

0.0499 

0.0200 

0.4592 

1.5557 

20 

0. 0699 

0.1398 

0.0499 

0.0200 

0.5391 

1.5688 

2  1 

0.0699 

0. 1398 

0.0499 

0.0200 

0.6190 

1.3452 

-'.' 

0.0599 

0. 1198 

0.0499 

0.0399 

0.7188 

1.1181 

23 

0.0499 

0.0998 

0.0499 

0.0499 

0.7687 

1.1516 

2'. 

0.0499 

0.0998 

0.0699 

0.0499 

0.7687 

1.0715 

2  2 

0.0499 

0.0998 

0.1198 

0.0499 

0.7687 

0.8186 

2N 

0.0499 

0.0799 

0. 1697 

0.0499 

0.7687 

0.6897 

27 

0.0499 

0.  0699 

0.2396 

0.0699 

0.7687 

0.6780 

28 

0.0499 

0.0599 

0.2696 

0.0899 

0.7687 

0.7333 

"i 

0.0499 

0.0499 

\v. 

0.0899 



0.7908 

10 

0.0499 

0.0499 

0.3394 

0.0899 



0.8829 

11 

0.0499 



0.3394 

0.0899 



0.7796 

Average 

rate,  >.  ■ 

0.0657 

0.0832 

0.0966 

0.  1043 

0.44  32 

0.9214 

I  i  i  I  .  1  ]   V 

ie] d,  inches   0. 1 35 

0.166 

0.  199 

0.215 

0.823 

1.894 

annual  rate: 
i "t  1 1  annua ' 
low : 
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WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1942-SEPTEMBER  1943. 


DAY 


1 

0.2396 

0.2496 

0.2596 

0.2796 

0.3793 

0.4093 

0.4887 

1.4268 

1.0980 

0.5792 

0.304  7 

0.2172 

2 

0.2396 

0.2496 

0.2696 

0.2796 

0.3793 

0.4251 

0.6154 

1.3379 

0.6893 

0.5792 

0.304  7 

0.2172 

3 

0.2396 

0.2496 

0.2796 

0.2796 

0.3793 

0.4093 

0.6516 

1.1478 

0.5551 

0.5430 

0.2534 

0.2172 

4 

0.2396 

0.2496 

0.2796 

0.2796 

0.7074 

0.4093 

0.6878 

1.0347 

0.6275 

0.5294 

0.2534 

0.2172 

5 

0.2396 

0.2496 

0.2796 

0.2796 

0.3594 

0.3893 

0.6878 

0.7828 

0.7587 

0.5098 

0.2534 

0.2172 

6 

0.2439 

0.2396 

0.2796 

-.  :  ■.'•' 

0.3694 

0.3793 

0.6878 

0.6305 

0.9502 

0.4  706 

0.2534 

0.2172 

7 

0.2396 

0.2496 

0.2796 

0.3793 

0.3694 

0.3694 

0.7240 

0.3394 

1.0256 

0.4706 

0.2685 

0.2172 

8 

0.2396 

0.2696 

0.2798 

0.3793 

0.3694 

0.3627 

0.7240 

0.2896 

0.9608 

0.4585 

0.2534 

0.2172 

9 

0.2396 

0.2796 

0.2796 

0.3793 

0.3793 

0.3588 

0.7240 

0.2896 

0.9050 

0.4344 

0.2534 

0.2172 

10 

0.2496 

0.2895 

0.2796 

0.3793 

0.3793 

0.2995 

0.6878 

0.2836 

0.8326 

0.4344 

0.2534 

0.2172 

11 

0.2596 

0.2995 

0.2796 

0.3793 

0.3694 

0.2995 

0.6757 

0.3695 

0.7783 

0.4344 

0.2534 

0.2172 

12 

0.2596 

0.2895 

0.2796 

0.3793 

0.3694 

0.2895 

0.6154 

0.4133 

0.7240 

0.3982 

0.2534 

0.2172 

13 

0.2639 

0.2796 

0.2796 

0.3893 

0.3793 

0.2796 

0.6290 

0.4329 

0.7300 

0.3982 

0.2534 

0.2172 

14 

0.2596 

0.2796 

0.2796 

0.3893 

0.3793 

0.2895 

0.7300 

0.4540 

0.8492 

0.3982 

0.2534 

0.2172 

15 

0.2596 

0.2895 

0.2796 

0.3793 

0.3793 

0.3194 

0.8597 

0.3801 

0.7828 

0.4178 

0.2534 

0.2172 

16 

0.2596 

0.2995 

0.2796 

0.3793 

0.3793 

0.2857 

1.1207 

0.3258 

0.7240 

0.3982 

0.2534 

0.2172 

17 

0.2596 

0.2995 

0.2796 

0.3793 

0.3793 

0.2796 

1.4600 

0.3273 

0.6878 

0.3620 

0.2534 

0.2172 

18 

0.2596 

0.2995 

0.2796 

0.3793 

0.3793 

0.2796 

1.4706 

0.3258 

0.6878 

0.3620 

0.2624 

0.2172 

19 

0.2696 

0.2796 

0.2796 

0.3793 

0.3793 

0.2796 

1.5143 

0.3258 

0.6516 

0.3620 

0.2534 

0.2172 

20 

0.2834 

0.2596 

0.2796 

0.3793 

0.3793 

0.2796 

1.5913 

(1.  14')') 

0.6516 

0.3620 

0.2534 

0.2172 

21 

0.2596 

0.2596 

0.2796 

0.3793 

0.3793 

0.2895 

1.3861 

0.3937 

0.6516 

0.3620 

0.2534 

0.2172 

22 

0.2596 

0.2596 

0.2796 

0.3793 

0.3793 

0.2995 

1.3891 

0.4178 

0.6516 

0.3620 

0.2534 

0.2172 

23 

0.2596 

0.2596 

0.2796 

0.3793 

0.3793 

0.2895 

1.6425 

0.3906 

0.6516 

0.3258 

0.2187 

0.2172 

24 

0.2596 

0.2596 

0.2796 

0.3793 

0.3793 

0.2805 

1.5128 

0.4284 

0.6335 

0.3258 

0.2172 

0.2172 

25 

0.2596 

0.2596 

0.2796 

0. 3793 

0.3793 

0.2895 

1.3243 

0.4404 

0.6154 

0.3258 

0.2172 

0.2172 

26 

0.2596 

0.2596 

0.2796 

0.3793 

0.3793 

0.3194 

0.9312 

0.4253 

0.6154 

0.3258 

0.2172 

0.2172 

27 

0.2538 

0.2596 

0.2796 

0.3793 

0.3793 

0.3494 

0.9231 

0.4314 

0.6154 

0.3258 

0.2172 

0.2172 

28 

0.2496 

0.2596 

0.2796 

0.3793 

0.3893 

0.3793 

0.9367 

0.4268 

0.6154 

0.3258 

0.2172 

0.2172 

29 

0.2496 

0.2596 

0.2796 

0.3793 



0.4093 

0.8507 

0.4103 

0.6048 

0.3258 

0.2172 

0.2172 

30 

0.2496 

0.2596 

0.2796 

0.3793 



0.4392 

1.1056 

0.3620 

0.5792 

0.3258 

0.2172 

0.2172 

31 

0.2496 



0.2796 

0.3793 



0.4692 



0.3997 



0.3258 

0.2172 



Average 

rate,  cfs 

0.2497 

0.2682 

0.2786 

0.3607 

0.3882 

0.3390 

0.9826 

0.5095 

0.7301 

0.4051 

0.2472 

0.2172 

Total  y 

ield,  incf 

es   0.513 

0.534 

0.573 

0.741 

0.721 

0.697 

1.946 

1.04  7 

1.452 

0.833 

0.508 

0.432 

Average  annual  rate:   0.4147  cfs 
Total  annual  yield:   9.996  area  inches 
Peak  flow: 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1943-SEPTEMBER  1944. 


1 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.  2995 

0.3819 

1.2729 

1.9220 

0.6289 

0.3793 

0.3194 

2 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.2995 

0.4043 

1.0532 

3.2724 

0.6289 

0.3993 

0.3194 

3 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3082 

0.4902 

0.8686 

3.4489 

0.6251 

0.3793 

0.3194 

4 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3082 

0.6256 

0.8586 

3.2149 

0.6289 

0.3769 

0.3044 

5 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3294 

0.6628 

1.4126 

3.2674 

0.6190 

0.3671 

0.2995 

6 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3294 

0.6356 

2.1618 

3.1667 

0.6090 

0.3594 

0.2995 

7 

0.2196 

0.2596 

0.2895 

0.  2895 

0.2895 

0.3494 

0.6489 

2.8548 

2.8452 

0.5890 

0.3594 

0.2995 

8 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3494 

0.6706 

3.1889 

2.5413 

0.5790 

0.3594 

0.2995 

9 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3694 

0.5840 

4.3435 

2.3689 

0.5690 

0.3594 

0.2995 

10 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3694 

0.4991 

4.6351 

1.904  3 

0.5395 

0.3594 

0.2995 

11 

0.2898 

0.2596 

0.2895 

0. 2895 

0.2895 

0.3751 

0.4580 

4.4820 

1.7071 

0.5374 

0.3694 

0.2995 

12 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3594 

0.4792 

4.5498 

1.5894 

0.5191 

0.3594 

0.2995 

13 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3444 

0.4492 

4.5393 

1.4168 

0.5191 

0.3594 

0.2995 

14 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3394 

0.4293 

4.5773 

1.1930 

0.4991 

0.3594 

0.2995 

15 

0.2196 

0.2596 

0.2895 

0.  2895 

0.2895 

0.3494 

0.4293 

4.4142 

1.0699 

0.4892 

0.3594 

0.2995 

16 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3394 

0.4093 

3.7787 

1.0216 

0.4792 

0.3594 

0.2995 

17 

0.2196 

0.2596 

0.2895 

0.  2895 

0.2895 

0.3394 

0.3993 

2.7554 

0.9334 

0.4733 

0.3594 

0.2995 

18 

0.2196 

0.2596 

0.  2895 

0.2895 

0.2895 

0.3394 

0.3694 

1.9804 

0.8598 

0.4492 

0.3594 

0.2995 

19 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3394 

0.3594 

1.6123 

0.8186 

0.4392 

0.3594 

0.2995 

20 

0.2196 

0.2596 

0.2895 

0.  2895 

0.2895 

0.3394 

0.3494 

1.2383 

0.8086 

0.4392 

0.3594 

0.2995 

21 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3394 

0.3394 

1.2358 

0.7987 

0.4392 

0.3548 

0.2995 

22 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.3394 

0.3594 

1.7680 

0.7928 

0.4392 

0.3394 

0.2995 

23 

0.2196 

0.2596 

0.2895 

0.2895 

0.2895 

0.  3394 

0.3594 

1.5640 

0.7570 

0.4293 

0.3394 

0.2970 

24 

0.2296 

0.2596 

0.2895 

0.2895 

0.2895 

0.  3394 

0.4892 

1.0857 

0.7171 

0.4139 

0.3394 

0.2945 

25 

0.2535 

0.2596 

0.2895 

0.2895 

0.2895 

0.3494 

0.5690 

0.9041 

0.6988 

0.4093 

0.3394 

0.2920 

26 

0.2596 

0.2596 

0.2895 

0.2895 

0.2895 

0.3394 

0.5590 

0.9748 

0.7862 

0.4093 

0.3394 

0.2895 

27 

0.2596 

0.2796 

0.2895 

0. 2895 

0.2895 

0.3394 

0.5998 

0.9742 

0.7338 

0.4093 

0.3373 

0.2870 

28 

0.2596 

0.2895 

0.2895 

0.2895 

0.2895 

0.3747 

0.6911 

1.0149 

0.7163 

0.4093 

0.3294 

0.2845 

29 

0.2596 

0.2895 

0.2895 

0. 2895 

0.2895 

0.3494 

0.8888 

0.9738 

0.6730 

0.4093 

0.3294 

0.2820 

30 

0.2596 

0.2895 

0.2895 

0. 2895 



0.3793 

1.0632 

1.1396 

0.6472 

0.4093 

0.3294 

0.2795 

31 

0.2596 



0.2895 

0.2895 



0.3594 



1.2668 



0.4003 

0.3244 



Average  rate,  cfs 

0.2315 

0.2632 

0.2895 

0.2895 

0.2895 

0.3434 

0.5217 

2.2098 

1.5564 

0.4980 

0.3550 

Total  yield,  inches 

0.476 

0.524 

0.595 

0.557 

0.706 

1.038 

4.542 

3.096 

1.024 

0.730 

0.594 

594 

Average  annual  rate: 

0.595S 

cfs 

Total  annual  yield: 

14,475 

area  inches 

25 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1944-SEPTEMBER  1945. 


1 

0.2790 

0.3060 

0.3280 

0.  3280 

0.3280 

0.  3280 

0.3390 

2.1520 

0.7990 

0.7440 

0.3600 

0.4200 

2 

0.2790 

0.3160 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

2.5210 

0.7990 

0.7220 

0.3600 

0.4200 

3 

0.2780 

0.3110 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

3.0350 

0.8230 

0.6960 

0.3840 

0.4200 

4 

0.2730 

0.3100 

0.  3280 

0.3280 

0.3280 

0.3280 

0.3390 

3.7200 

0.8830 

0.6740 

0.3840 

0.4200 

5 

0.2690 

0.3330 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

4  .  2  1  30 

1.2180 

0.6690 

0.3540 

0.4150 

t. 

0.2690 

0.34  70 

0. 3280 

0.3280 

0.3280 

0.3280 

0.3390 

4.5620 

2.3210 

0.6640 

0.3490 

0.4090 

! 

0.2690 

0.3380 

0.3280 

0.3280 

0.  3280 

0.3280 

0.3390 

4.8650 

3.0750 

0.6490 

0.3600 

0.4090 

H 

0.2690 

0.3310 

0.3280 

0.3280 

0.3280 

0. 3280 

0.3390 

4.9170 

2.8750 

0.6290 

0.3570 

0.4020 

9 

0.2650 

0.3280 

0.3280 

0.3280 

0.  3280 

0.3280 

0. 3390 

4.8820 

2.6650 

0.6190 

0.3440 

0.3940 

in 

0.2600 

0.3280 

0.3280 

0.  3280 

0.3280 

0.3280 

0.3390 

4.8120 

2.6360 

0.6290 

0.3440 

0.3880 

11 

0.2600 

0.3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

4.5620 

2.5610 

0.6190 

0.3440 

0.3740 

12 

0.2600 

0.3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

4.2300 

?.5610 

0.5890 

0.3470 

0.3650 

13 

0.2600 

0.3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

3.9570 

2.5460 

0.5740 

0.3440 

0.3570 

L4 

0.2600 

0.3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

3.3900 

2.3010 

0.5590 

0.3390 

0.3540 

l'> 

0.2600 

0.3280 

0.3280 

0.  3280 

0.3280 

0.3280 

0.3390 

2.5260 

2.0020 

0.5440 

0.3340 

0.3540 

16 

0.2600 

0.3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

2.0920 

1.7350 

0.5290 

0.3290 

0.3540 

17 

0.2600 

0.3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

1.9700 

1.5700 

0.5040 

0.3280 

0.3540 

18 

0.2600 

0.  3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.3490 

1.8650 

1.4330 

0.4890 

0.3280 

0.3540 

19 

0.2590 

0.  3280 

0.3280 

0.3280 

0.3280 

0.3280 

0.4200 

1.6620 

1.3080 

0.4840 

0.3840 

0.3540 

jn 

0.2570 

0.  3280 

0.3280 

0.3280 

0.3280 

0.3340 

0.6790 

1.2930 

1.2130 

0.4640 

0.5040 

0.3540 

.'1 

0.2560 

0.  3280 

0.3280 

0.3280 

0.  3280 

0.3390 

1.1880 

0.9680 

1. 1680 

0.4440 

0.5090 

0.3570 

V 

0.2560 

0.  3280 

0.3280 

0.3280 

0.3280 

0. 3390 

1.4580 

0.8640 

1 .  1 1  30 

0.4390 

0.4490 

0.3600 

23 

0.2550 

0.3280 

0.3280 

0.3280 

0.  3280 

0.3390 

1.2980 

0.9830 

1.0460 

0.4270 

0.4470 

0.3650 

24 

0.2550 

0. 3280 

0.3280 

0.3280 

0.3280 

0.3390 

1.0690 

1.1580 

0.9910 

0.4150 

0.4420 

0.3650 

25 

0.2560 

0.3280 

0.3280 

0.  3280 

0.3280 

0.3390 

0.9090 

1.2730 

0.9380 

0.4040 

0.4390 

0.3600 

.'(> 

0.2560 

0.3280 

0.3280 

0. 3280 

0.3280 

0.3390 

0.8280 

1.2280 

0.8990 

0.3830 

0.4340 

0.3600 

27 

0.2570 

0. 3280 

0.  3280 

0.  3280 

0.3280 

0.3390 

0.7690 

1.1380 

0.8560 

0.3700 

0.4290 

0.3650 

,'M 

0.2790 

0.3280 

0.3280 

0.3280 

0.3280 

0.3390 

0.7560 

1.  1830 

0.8270 

0.3640 

0.4270 

0.3670 

29 

0.2790 

0.  3280 

0.3280 

0.3280 



0.3390 

1.0150 

1.2030 

0.8020 

0.3600 

0.4240 

0.3620 

in 

0.2830 

0.3280 

0.3280 

0.  3280 



0.3390 

1.5870 

1. 1130 

0.7720 

0.3600 

0.4220 

0.3600 

31 

0.2890 



0.3280 

0.3280 



0.  3390 



0.9230 



0.3600 

0.4200 



Avera 

>e  rate,  cfs 

0.2650 

0.3260 

0.3280 

0.3280 

0.3280 

0.3320 

0.6030 

2.5570 

1.5580 

0.5280 

0.3880 

0.3760 

Total 

yield,  inch 

es   0.545 

0.650 

0.673 

0.673 

0.608 

0.682 

1.200 

5.255 

3.099 

1.086 

0.797 

0.749 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.6600  cfs 
16.017  area  inches 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1945-SEPTEMBER  1946. 


OCT 


1 

0.3600 

0.3950 

0.3400 

0.3400 

0.3400 

0.4120 

0.4700 

1.5100 

0.8500 

0.4400 

0.3800 

0.2800 

2 

0.3600 

0.4120 

0.3400 

0.3400 

0.3400 

0.4100 

0.4600 

1.5200 

0.8350 

0.4600 

0.3800 

0.2800 

: 

0.3600 

0.4120 

0.3400 

0.3400 

0.3400 

0.4150 

0.4600 

1.6200 

1.4200 

0.4500 

0.3950 

0.2780 

4 

0.3500 

0.4120 

0.3400 

0.3400 

0.3400 

0.4150 

0.4500 

1.6200 

1.8800 

0.4400 

0.3950 

0.2780 

5 

0.3600 

0.4100 

0.3400 

0.3400 

0.3400 

0.4100 

0.4800 

1.5700 

1.7200 

0.4400 

0.3600 

0.2780 

6 

0.3600 

0.4100 

0.3400 

0.3400 

0.  3400 

0.4150 

0.5400 

1.3700 

1.3700 

0.4200 

0.3500 

0.2780 

7 

0.3600 

0.4120 

0.3400 

0.3400 

0.3400 

0.4100 

0.5600 

1.0900 

1.0900 

0.4150 

0.3500 

0.2780 

H 

0.3600 

0.4100 

0.3400 

0.3400 

0.3400 

0.3950 

0.5400 

0.9600 

0.8800 

0.4100 

0.3400 

0.2780 

'I 

0.3700 

0.4100 

0.3400 

0.3400 

0.3400 

0.4100 

0.5000 

0.8100 

0.8200 

0.4100 

0.3400 

0.2780 

L0 

0.3800 

0.3950 

0.3400 

0.3400 

0.3400 

0.4300 

0.4800 

0.6600 

0.7700 

0.4100 

0.3200 

0.2780 

11 

0.4100 

0.4120 

0.3400 

0.3400 

0.3400 

0.4500 

0.4900 

0.5800 

0.7000 

0.4100 

0.3300 

0.2780 

1  -' 

0.3900 

0.4120 

0.3400 

0.  3400 

0.3400 

0.4600 

0.5800 

0.5600 

0.6400 

0.4100 

0.3400 

0.2780 

13 

0.3600 

0.4100 

0.  3400 

0.3400 

0.3400 

0.4600 

0.8200 

0.5600 

0.6000 

0.3950 

0.3500 

0.2780 

14 

0.3600 

0.4100 

0.3400 

0.3400 

0.3400 

0.4600 

1.5200 

0.5900 

0.5700 

0.3800 

0.3400 

0.2780 

15 

0.3500 

0.4100 

0.3400 

0.3400 

0.3400 

0.4600 

1.7000 

0.6000 

0.5400 

0.3640 

0.3400 

0.2780 

16 

0.3500 

0.4100 

0.3400 

0.3400 

0.3400 

0.4600 

1.9300 

0.6200 

0.4900 

0.3640 

0.3500 

0.2800 

17 

0.3500 

0.4100 

0.3400 

0.3400 

0.3400 

0.4600 

2.4050 

0.6600 

0.5000 

0.3640 

0.3400 

0.2800 

18 

0.3500 

0.4100 

0.  3400 

0.3400 

0.  3600 

0.4600 

3.2900 

0.7000 

0.5400 

0.3600 

0.3400 

0.2800 

19 

0.3440 

0.4100 

0.3400 

0.3400 

0.3600 

0.4600 

3.9500 

0.6400 

0.4900 

0.3600 

0.3200 

0.2800 

20 

0.3440 

0.4100 

0.3400 

0.  3400 

0.3600 

0.4600 

4.0100 

0.5900 

0.4600 

0.3640 

0.2800 

0.2800 

21 

0.3440 

0.4100 

0.3400 

0.3400 

0. 3600 

0.4600 

3.6800 

0.6100 

0.4600 

0.3600 

0.2800 

0.2800 

.'.' 

0.3440 

0.4100 

0.3400 

0.3400 

0.3600 

0.4600 

3.2900 

0.5200 

0.4400 

0.3800 

0.2800 

0.2800 

23 

0.3440 

0.4100 

0.3400 

0.3400 

0.3600 

0.4600 

3.1600 

0.4900 

0.4400 

0.4100 

0.2800 

0.2800 

24 

0.3440 

0.4100 

0.3400 

0.3400 

0.3800 

0.4600 

3.2550 

0.4200 

0.4600 

0.4150 

0.2800 

0.2700 

25 

0.3440 

0.4100 

0.3400 

0.3400 

0.3800 

0.4600 

3.4100 

0.4100 

0.4500 

0.4150 

0.2800 

0.2600 

26 

0.3440 

0.3400 

0.3400 

0.3400 

0.3800 

0.4600 

3.3800 

0.4100 

0.4200 

0.4100 

0.2900 

0.2600 

27 

0.3480 

0.3400 

0.3400 

0.3400 

0.3800 

0.4600 

3.0650 

0.4400 

0.4200 

0.4150 

0.2860 

0.2600 

JK 

0.3500 

0.3400 

0.3400 

0.3400 

0.3800 

0.4800 

2.6700 

0.8570 

0.4150 

0.4100 

0.2800 

0.2600 

.■■, 

0.3500 

0.3400 

0.3400 

0.3400 

0.3900 

2.4300 

0.7150 

0.4100 

0.4100 

0.2800 

0.2600 

Ill 

0.3500 

0.  3400 

0.3400 

0.3400 



0.4800 

1.9550 

0.7150 

0.4100 

0.4100 

0.2800 

0.2600 

31 

0.3700 



0.3400 

0.3400 



0.4800 



0.7600 



0.4100 

0.2800 



Average  rate,  cfs 

0.3570 

0.4000 

0.3400 

0.3400 

0.3510 

0.4470 

1.8640 

0.8122 

0.7163 

0.4036 

0.3237 

0.2748 

Total  yield,  inches 

0.733 

0.790 

0.698 

0.698 

0.652 

0.918 

3.705 

1.668 

1.424 

0.829 

0.665 

0.546 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.5530  cfs 
13. 326  area  inches 
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WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1946-SEPTEMBER  1947. 


1 

0.3393 

0.2597 

0.2793 

0.2793 

0.2793 

0.3494 

0.7286 

2.2313 

0.6389 

0.2995 

0. 

.4106 

2 

0.2995 

0.2597 

0.2793 

0.2793 

0.2793 

0.3494 

0.7387 

3.1545 

0.6591 

0.2956 

0, 

,4106 

3 

0.2995 

0.2597 

0.2793 

0.2793 

0.2793 

0.3595 

0.7488 

4.1529 

0.6192 

0.3393 

0, 

,4095 

4 

0.3096 

0.2597 

0.2793 

0.2793 

0.2793 

0.3595 

0.7286 

4.3874 

0.5592 

0.4145 

0. 

,4145 

5 

0.3197 

0.2597 

0.2793 

0.2793 

0.2793 

0.3595 

0.6591 

4. 1131 

0.4790 

0.4111 

0. 

.3792 

6 

0.3292 

0.2597 

0.2793 

0.2793 

0.2793 

0.3595 

0.5486 

4.0379 

0.4790 

0.4106 

0 

,3691 

7 

0.3354 

0.2597 

0.2793 

0.2793 

0.2793 

0.3696 

0.4493 

3.8035 

0.4689 

0.4033 

0 

.3691 

8 

0.3096 

0.2597 

0.2793 

0.2793 

0.2793 

0.3696 

0.4594 

3.2145 

0.5390 

0.3943 

0 

.4095 

9 

0.2995 

0.2597 

0.2894 

0.2793 

0.2995 

0.3696 

0.4196 

2.7854 

0.6389 

0.3691 

0 

.3943 

10 

0.2995 

0.2597 

0.2894 

0.2793 

0.2995 

0.3696 

0.4095 

2.2313 

0.4992 

0.3752 

11 

0.2995 

0.2597 

0.2894 

0.2793 

0.2995 

0.3696 

0.3792 

1.9020 

0.5788 

0.3792 

12 

0.2995 

0.2597 

0.2894 

0.2793 

0.2995 

0.3696 

0.3943 

1.5172 

0.6389 

0.3792 

13 

0.2995 

0.2597 

0.2995 

0.2793 

0.2995 

0.3792 

0.4992 

1.6670 

0.6787 

0.3696 

14 

0.2995 

0.2597 

0.2995 

0.2793 

0.2995 

0.3792 

0.8486 

1.7169 

0.6989 

0.3696 

15 

0.2793 

0.2698 

0.2995 

0.2793 

0.2995 

0.4095 

1.1779 

1.8768 

0.6147 

0.3696 

16 

0.2698 

0.2698 

0.2995 

0.2793 

0.2995 

0.4145 

1.4174 

1.9766 

0.5491 

0.3595 

17 

0.2597 

0.2698 

0.2995 

0.2793 

0.2995 

0.4196 

1.4976 

2.0860 

0.4992 

0.3595 

18 

0.2597 

0.2698 

0.2793 

0.2793 

0.2995 

0.4291 

1.4174 

2.0613 

0.4695 

0.3494 

19 

0.2698 

0.2698 

0.2793 

0.2793 

0.3096 

0.4392 

1.2929 

1.9267 

0.5788 

0.3494 

20 

0.2698 

0.2698 

0.2793 

0.2793 

0.3096 

0.4594 

1.4976 

1.9020 

0.6091 

0.3393 

21 

0.2597 

0.2698 

0.2793 

0.2793 

0.3096 

0.4891 

1.7668 

1.9020 

0.5889 

0.3393 

22 

0.2597 

0.2698 

0.2793 

0.2793 

0.3197 

0.5688 

1.6171 

1.6670 

0.5788 

0.3393 

23 

0.2597 

0.2698 

0.2793 

0.2793 

0.3197 

0.6686 

1.3927 

1.4572 

0.4392 

0.3096 

24 

0.2597 

0.2698 

0.2793 

0.2793 

0.3197 

0.4790 

1.3176 

1.3927 

0.4145 

0.2894 

25 

0.2597 

0.2698 

0.2793 

0.2793 

0.3197 

0.4095 

1.2278 

1.2676 

0.4095 

0.2793 

26 

0.2597 

0.2698 

0.2793 

0.2793 

0.3292 

0.3696 

1.1779 

1.3176 

0.3792 

0.2793 

27 

0.2597 

0.2698 

0.2793 

0.2793 

0.3292 

0.3595 

1.1779 

1.0881 

0.3595 

0.2698 

28 

0.2597 

0.2698 

0.2793 

0.2793 

0.3393 

0.4196 

1.2031 

0.8088 

0.3595 

0.2698 

29 

0.2597 

0.2698 

0.2793 

0.2793 



0.5990 

1.4174 

0.7488 

0.3393 

0.3197 

30 

0.2597 

0.2793 

0.2793 

0.2793 



0.6989 

1.7971 

0.6989 

0.3197 

0.3792 

31 

0.2597 



0.2793 

0.2793 



0.7286 



0.6192 



0.3792 

Average  race,  cfs 

0.2838 

0.2653 

0.2838 

0.2793 

0.3012 

0.4347 

1.0136 

2. 1196 

0.5228 

0.3483 

Total  yield,  inches 

0.584 

0.528 

0.584 

0.574 

0.559 

0.893 

2.016 

4.357 

1.040 

0.715 

Average  annual  rate: 

Total  annual  yield: 

Peak  flow: 

DAY 

1 
2 
3 
4 
5 

6 

7 
8 
9 

10 

11 
12 
13 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1954-SEPTEMBER  1955. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY     JUNE     JULY 


0.1510 

0. 1630 
0.1630 

0.1570 
0.1570 
0.1510 

0. 1510 
0.1510 
0.1510 
0.1510 
0.1510 

0. 1510 
0.1510 
0.1510 
0.1510 
0.1450 

0.1400 
0.1400 
0.1340 
0.1400 
0.1570 

0.1510 
0.1450 
0.1400 
0.1400 
0.1290 
0.1290 


SEPT 

0. 1290 
0.1290 
0.1290 
0.1290 
0.1290 

0.1290 
0.1290 
0.1290 
0.1290 
0.1290 

0.1240 
0.1240 
0.1240 
0.1240 
0.1240 

0.1240 
0.1240 
0.1340 
0.1400 

0.1340 

0.1340 
0.1290 
0.1290 
0.1340 
0.1890 

0.1630 
0.1450 
0.1400 
0.1340 
0.1290 


0.1330 
0.2640 
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WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1955-SEPTEMBER  1956. 


1 

0. 1290 

0.1400 

0. 1510 

0.2310 

0.2060 

0.1890 

0.5380 

0.64  30 

0.7140 

0.3510 

0.2310 

0.1510 

2 

0.1290 

0.1400 

0.1510 

0.2310 

0.2020 

0. 1890 

0.5)30 

0.6430 

0.6560 

0.3510 

0.2160 

0.1510 

I 

0.1290 

0.1400 

0.1510 

0.2240 

0.2020 

0.1890 

0.4780 

0.7740 

0.6020 

0.3320 

0.2020 

0.1510 

4 

0.1290 

0.1400 

0.1400 

0.2160 

0.2020 

0.1890 

0.4660 

0.9720 

0.5250 

0.3320 

0.1890 

0.1510 

5 

0.1290 

0.1400 

0. 1290 

0.2160 

0.2020 

0.1890 

0.4440 

0.9370 

0.5130 

0.3230 

0.1890 

0.1510 

6 

0. 1290 

0. 1400 

0.1340 

0.2020 

0.2020 

0.1890 

0.4220 

0.9370 

0.4330 

0.3130 

0.1890 

0.  1510 

7 

0.1290 

0.1400 

0.1340 

0.1950 

0.2020 

0.1890 

0.4010 

0.8050 

0.4110 

0.3050 

0.1890 

0.1510 

K 

0.1290 

0. 1400 

0.1290 

0. 1890 

0.2020 

0.1890 

0.3900 

0.6700 

0.3900 

0.3050 

0.1890 

0.1570 

i 

0.1290 

0.1400 

0.1340 

0. 1890 

0.2020 

0.1890 

0.3950 

0.6020 

0.3700 

0.2960 

0.1820 

0.1510 

10 

0.1290 

0. 1510 

0. 1400 

0.1890 

0.2020 

0.1890 

0.4110 

0.5760 

0.3600 

0.2790 

0.1760 

0.1450 

11 

0.1290 

0.1570 

0.1400 

0. 1890 

0.2020 

0.1890 

0.4780 

0.5630 

0.3510 

0.2960 

0.1760 

0. 1450 

12 

0.1360 

0.1510 

0.1400 

0. 1890 

0.2020 

0.1890 

0.5130 

0.5500 

0.3320 

0.2960 

0.1760 

0.1400 

13 

0.1360 

0. 1510 

0.1400 

0.1890 

0.2020 

0.1890 

0.5250 

0.5250 

0.3130 

0.2620 

0.1690 

0.1400 

1'. 

0.1360 

0.  1510 

0.1400 

0.1950 

0.2020 

0.1890 

0.5500 

0.5250 

0.2960 

0.2620 

0.1630 

0.1400 

15 

0.1360 

0.1510 

0.1400 

0.3510 

0.2020 

0.1890 

0.5250 

0.5500 

0.3130 

0.2620 

0.1630 

0.1400 

In 

0.1360 

0.1570 

0.1290 

0.6850 

0.2020 

0.1890 

0.5380 

0.7740 

0.3130 

0.2540 

0.1690 

0.1400 

i ; 

0.1360 

0.1760 

0.1290 

0.4330 

0.2010 

0.2020 

0.6560 

0.9030 

0.3130 

0.2540 

0.1690 

0.1400 

18 

0.1400 

0. 1760 

0.1290 

0.3700 

0.1980 

0.2310 

0.7140 

1.1580 

0.3130 

0.2620 

0.1630 

0.1400 

•i 

0. 1510 

0.  1760 

0. 1290 

0.3230 

0. 1970 

0.2960 

0.7280 

1.6380 

0.3130 

0.2620 

0.1510 

0.1400 

20 

0. 1510 

0.  1630 

0. 1290 

0.3130 

0.1940 

0.3410 

0.8210 

1.6380 

0.3230 

0.2460 

0.1510 

0.1400 

.'1 

0.1630 

0.1760 

0.1340 

0.2960 

0.1930 

0.3700 

0.9900 

1.6870 

0.3320 

0.2310 

0.1450 

0.1400 

22 

0. 1570 

0. 1570 

0.1570 

0.2700 

0.1900 

0.4330 

1.0820 

1.6380 

0.3510 

0.2460 

0.1400 

0.1400 

23 

0.1510 

0. 1510 

0.5010 

0.2540 

0.1890 

0.5250 

1.1580 

1.7360 

0.3510 

0.2460 

0.1400 

0.1400 

24 

0.1510 

0. 1510 

0.6150 

0.2390 

0.1890 

0.6430 

1.1980 

1.6380 

0.3510 

0.2310 

0.1400 

0.1400 

25 

0.1450 

0.1400 

0.4330 

0.2420 

0.1890 

0.7890 

1.0820 

1.4980 

0.3510 

0.2310 

0.1400 

0.1400 

jh 

0.1450 

0. 1400 

0.3600 

0.2460 

0.1890 

0.7890 

1.1200 

1.3640 

0.3510 

0.2310 

0.1400 

0.1400 

27 

0.1570 

0.1400 

0.3320 

0.2460 

0.1890 

0.6850 

0.9720 

1.2380 

0.3510 

0.2310 

0.1400 

0.1400 

.':-: 

0.1510 

0.1450 

0.3130 

0.2390 

0.1890 

0.5890 

0.8370 

1.0440 

0.3510 

0.2310 

0.1450 

0.1400 

29 

0.1510 

0.1510 

0.2960 

0.2310 

0.1890 

0.5500 

0.7740 

0.9720 

0.3410 

0.2390 

0.1510 

0.1400 

in 

0.1450 

0.1510 

0.2790 

0.2120 



0.5250 

0.6850 

0.8700 

0.3410 

0.2310 

0.1510 

0.1400 

31 

0.1400 



0.2460 

0.2090 



0.5250 



0.8700 



0.2310 

0.1570 



Avera 

£e  rate,  cfs 

0. 1400 

0. 1510 

0.2070 

0.2580 

0.  1980 

0.3390 

0.6800 

0.9980 

0.3880 

0.2720 

0.1680 

0.1440 

Total 

yield,  inc! 

es   0.287 

0.300 

0.425 

0.531 

0.380 

0.697 

1.353 

2.051 

0.771 

0.558 

0.344 

0.286 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.3290  cfs 
7.983  area  inches 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1956-SEPTEMBER  1957. 


DAY 


1 

0.1400 

0. 1590 

0.1579 

0.1615 

0.1630 

0.2160 

0.2700 

0.8700 

4.5480 

0.9980 

0.5010 

0.2790 

I 

0.1400 

0.1890 

0.1596 

0.1608 

0.1630 

0.2310 

0.2790 

1.2790 

4.4600 

0.9370 

0.4780 

0.2790 

3 

0.1400 

0.1890 

0.1613 

0.1600 

0.1630 

0.2390 

0.2790 

1.3640 

4.6820 

0.9370 

0.4660 

0.2790 

4 

0.1400 

0.1890 

0.1630 

0.1592 

0.1630 

0.2310 

0.2790 

1.4520 

4.6820 

0.8700 

0.4780 

0.2790 

5 

0.1400 

0.1890 

0.1660 

0.1585 

0.1630 

0.2240 

0.2960 

1.6380 

4.9100 

0.8370 

0.4660 

0.2700 

'. 

0. 1400 

0.1890 

0. 1690 

0.1578 

0.1630 

0.2160 

0.3130 

1.9430 

4.8180 

0.8050 

0.4550 

0.2620 

7 

0.1400 

0.1760 

0.1680 

0.1570 

0.1630 

0.2310 

0.3320 

2.4280 

4.4600 

0.8050 

0.4110 

0.2620 

8 

0.1400 

0.1630 

0.1630 

0.1580 

0.1630 

0.2460 

0.3410 

2.6460 

4.5920 

0.7740 

0.4010 

0.2620 

9 

0.1510 

0. 1570 

0.1630 

0.1570 

0.1570 

0.2960 

0.3410 

2.7110 

5.0970 

0.7890 

0.3900 

0.2620 

lu 

0.1510 

0. 1570 

0.1630 

0.  1550 

0. 1510 

0.2960 

0.3800 

2.5830 

4.1600 

0.8700 

0.3600 

0.2620 

1  1 

0.1630 

0. 1510 

0.2090 

0.1560 

0.1630 

0.2620 

0.4660 

2.1070 

3.7930 

0.8700 

0.3900 

0.2540 

12 

0.1760 

0.1510 

0.1890 

0.1550 

0.1760 

0.2460 

0.4850 

1.6870 

3.7930 

0.8530 

0.3510 

0.2460 

13 

0.1630 

0. 1510 

0.1890 

0. 1610 

0. 1690 

0.2460 

0.5280 

1.6870 

3.7140 

0.8370 

0.3320 

0.2310 

14 

0.1570 

0.  1510 

0. 1760 

0. 1630 

0.1690 

0.2460 

0.6150 

1.8380 

3.4400 

0.7740 

0.3320 

0.2310 

15 

0.1510 

0.1510 

0. 1690 

0. 1630 

0.1690 

0.2390 

0.5630 

1.8900 

3.1660 

0.7590 

0.3320 

0.2240 

]i 

0.1510 

0.1510 

0. 1690 

0. 1610 

0.1890 

0.2310 

0.5500 

1.7360 

2.8910 

0.7430 

0.3510 

0.2160 

1/ 

0.1510 

0.  1510 

0.1630 

0.1570 

0.1890 

0.2390 

0.5010 

1.7360 

2.6170 

0.7430 

0.3130 

0.2160 

IK 

0. 1510 

0. 1510 

0.1630 

0.1510 

0.1890 

0.2310 

0.5080 

1.8900 

2.3430 

0.7140 

0.3130 

0.2390 

I'l 

0.1510 

0.1510 

0.1630 

0.1510 

0.1890 

0.2310 

0.4780 

2.9780 

2.0680 

0.7140 

0.3130 

0.2540 

20 

0.1510 

0. 1510 

0. 1630 

0. 1570 

0.1890 

0.2390 

0.4550 

2.6460 

1.7940 

0.7140 

0.3130 

0.2540 

21 

0.1630 

0.1510 

0. 1630 

0. 1570 

0. 1890 

0.2460 

0.4110 

2.1630 

1.5200 

0.6850 

0.3510 

0.2460 

-'J 

0.1820 

0.1510 

0. 1630 

0.1630 

0.1890 

0.2620 

0.4550 

1.9430 

1.5700 

0.6290 

0.3510 

0.2460 

2  i 

0.1890 

0.1510 

0.1630 

0.1630 

0.2160 

0.2460 

0.5500 

1.9430 

1 . 5000 

0.6290 

0.3230 

0.2390 

.'. 

0.1950 

0. 1510 

0.1630 

0.1630 

0.2160 

0.2390 

0.5250 

2.0790 

1.4200 

0.6290 

0.3130 

0.2310 

25 

0. 1950 

0. 1510 

0.1630 

0.1630 

0.2540 

0.2310 

0.4780 

2.3970 

1.3700 

0.6290 

0.3130 

0.2310 

.'i. 

0.1890 

0. 1510 

0.1630 

0.1630 

0.2310 

0.2310 

0.4550 

2.7110 

1.2700 

0.6290 

0.3130 

0.2310 

11 

0.1890 

0.1510 

0.1630 

0.1630 

0.2240 

0.2240 

0.4220 

3.5210 

1.2180 

0.6020 

0.3050 

0.2240 

28 

0.1890 

0.1527 

0.1630 

0. 1630 

0.2160 

0.2160 

0.5760 

3.7930 

1.1580 

0.5500 

0.2960 

0.2240 

29 

0.1890 

0.1544 

0.1630 

0.1630 



0.2310 

0.7140 

3.7930 

1.1200 

0.5500 

0.3130 

0.2160 

in 

0.1890 

0. 1561 

0. 1630 

0.  1630 



0.2620 

0.7430 

3.8330 

1.0S90 

0.5250 

0.2960 

0.2160 

il 

0.1950 



0.1620 

0.1630 



0.2620 



4.1180 



0.5250 

0.2790 



Average  rate,  ■  i 

0.1629 

0.1606 

0.  1671 

0. 1596 

0.1835 

0.2415 

0.4529 

2.3033 

2.9744 

0.7395 

0.3613 

0.2455 

Total  yield,  inches 

0.335 

0.319 

0.343 

0.328 

0.340 

0.496 

0.900 

4.7  30 

5.911 

1.519 

0.742 

0.488 

Average  annual 
Total  annual  yield: 
Peak  flow: 


0.6998  cfs 
16.451  area  inches 


28 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1957-SEPTEMBER  1958. 


1 

0.2160 

0.2160 

0.2020 

0.2090 

0.2090 

0.2960 

0.2570 

1.4080 

4.9820 

0.6400 

0.3400 

0.3600 

2 

0.2240 

0.2160 

0.2020 

0.2090 

0.2090 

0.2960 

0.2550 

1.7360 

4.8170 

0.6100 

0.3400 

0.3600 

3 

0.2460 

0.2160 

0.2020 

0.2090 

0.2090 

0.2950 

- 

2.3370 

4.6150 

0.6000 

0.3400 

0.3500 

4 

0.2430 

0.2160 

0.2020 

0.2090 

0.2090 

.294 

0.2530 

2.9100 

4.4860 

0.5900 

0.3400 

0.3400 

5 

0.2390 

0.2160 

0.2020 

0.2090 

0.2090 

0.2920 

0.2510 

3.7140 

4.3200 

0.5800 

0.3400 

0.3400 

6 

0.2360 

0.2160 

0.2020 

0.2090 

0.2090 

0.2910 

0.2500 

4.6370 

4.1550 

0.5600 

0.3300 

0.3400 

7 

0.  2320 

0.2160 

0.2020 

0.2090 

0.2090 

0.2900 

0.2490 

4.5480 

3.9890 

0.5200 

0.3200 

0.3400 

8 

0.2290 

0.2310 

0.2090 

0.2090 

0.2090 

0.2880 

0.2470 

4.4600 

3.8240 

0.4900 

0.3200 

0.3500 

9 

0.2260 

0.2310 

0.2020 

0.2090 

0.2090 

0.2870 

0.2460 

4.2020 

3.6580 

0.5000 

0.3500 

0. 3600 

10 

0.2220 

0.2240 

0.2020 

0.2090 

0.2090 

0.2860 

0.2460 

5.0030 

3.4930 

0.4900 

0.3500 

0.3600 

11 

0.2190 

0.2240 

0.2020 

0.2090 

0.2090 

0.2840 

0.2620 

5.4350 

3.3280 

0.4800 

0.3500 

0.3400 

12 

0.2160 

0.2160 

0.2020 

0.2090 

0.2090 

0.2830 

0.2960 

4.9100 

3.1620 

0.4800 

0.3400 

0.3500 

1  1 

0.2120 

0.2240 

0.2020 

0.2090 

0.2090 

0.2820 

0.3510 

4.3300 

2.9970 

0.4800 

0.3400 

0.3600 

14 

0.  2090 

0.2310 

0.2150 

0.2090 

0.2090 

0.2800 

0.4780 

3.9540 

.    ■ 

0.4900 

0.3400 

0.3500 

15 

0.2050 

0.2160 

0.2280 

0.2090 

0.2090 

0.2790 

0.6560 

3.7140 

2. 6660 

0.5000 

0.3400 

0.3400 

16 

0.2020 

0.2160 

0.2410 

0.2090 

0.  2360 

0.2780 

0.9370 

3.8730 

2.5000 

0.4800 

0.3400 

0.3300 

17 

0.2020 

0.2160 

0.2540 

0.2090 

0.2630 

0.2760 

1.5670 

4.1600 

2.3350 

0.4600 

0.3500 

0.3200 

18 

0.2020 

0.2160 

0.2390 

0.2090 

0.  2890 

0.2750 

2.3670 

4.7270 

2.1690 

0.4500 

0.3500 

0.3000 

19 

0.2160 

0.2160 

0.2310 

0.2090 

0.3160 

0.2740 

1.9960 

5.2880 

2.0040 

0.4200 

0.3500 

0.3000 

20 

0.2090 

0.2160 

0.2240 

U.2090 

0.3430 

0.2720 

1.8900 

5.2880 

1.8380 

0.41 50 

0.3400 

II.  11  on 

21 

0.2020 

0.2160 

0.2160 

0.2090 

0.3700 

0.2710 

1.9690 

5.2880 

1.6730 

0.4100 

0.3400 

0.3100 

22 

0.2020 

0.2160 

0.2160 

0.  2090 

0.4010 

0.2700 

1.9690 

6.6370 

1.5070 

0.4100 

0.3400 

0.3000 

23 

0.2240 

0.2160 

0.2090 

0.2090 

0.4110 

0.2680 

1.4980 

■'.  ;  . 

1.3420 

0.4100 

0.3600 

0.3000 

24 

0.2310 

0.2160 

0.2090 

0.2090 

0.3700 

0.2670 

1.  1580 

6.3060 

1.1760 

0.3950 

0.3600 

0.3000 

25 

0.2160 

0.2160 

0.2090 

0.2090 

0.4010 

0. 2660 

0.9720 

6.1410 

1.0110 

0.3700 

0.3600 

0.3000 

26 

0.2160 

0.2160 

0.2090 

0.2090 

0.3600 

0.2640 

0.8370 

5.9750 

0.8450 

0.3600 

0.3600 

0.3000 

27 

0.2240 

0.2160 

0.2090 

0.2090 

0.3320 

0.2630 

0.8050 

5.8100 

0.6800* 

0.3600 

0.3600 

0.3100 

28 

0.2160 

0.2160 

0.2090 

0.2090 

0.3130 

0.2620 

0.8050 

5.6440 

0.6800 

0.3500 

0.3700 

0.3000 

29 

0.2160 

0.2160 

0.2090 

0.2090 



0.2610 

0.8700 

5.4790 

0.6600 

0.3600 

0.3500 

0.3000 

30 

0.2160 

0.2090 

0.2090 

0.  2090 



0.2590 

1.0820 

5.3130 

0.6600 

0.3700 

0.3500 

0.3000 

31 

0.2160 



0.2090 

0.2090 



0.2580 



5.1480 



0.3500 

0.3600 



Average 

rate,  cfs 

0.2188 

0.2181 

0.2122 

0.2090 

0.2693 

0.2776 

0.8424 

4.7112 

2.6146 

0.4639 

0.3458 

0.3273 

Total  y 

ield,  incl 

es   0.449 

0.433 

0.436 

0.429 

0.500 

0.570 

1.674 

9.675 

5.196 

0.953 

0.710 

0.652 

Average  annual  rate: 

Total  annual  yield: 

Peak  flow: 

^switch  from  90  V  notch  to  12" 


VT  flume 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1958-SEPTEMBER  1959. 


1 

0.3000 

0.3200 

2 

0.3000 

0.  3200 

3 

0.3000 

0.3200 

4 

0.3000 

0.  3200 

5 

0.3100 

0.3200 

6 

0.3000 

0.3200 

7 

0.3100 

0.3200 

8 

0.3200 

0.  3200 

9 

0.3200 

0. 3200 

10 

0.3200 

0.3200 

11 

0.3200 

0.  3200 

12 

0.3200 

0.3200 

13 

0.3200 

0.3200 

14 

0.3200 

0. 3200 

15 

0.1200 

0.3200 

16 

0.3200 

0.3200 

17 

0.  3200 

0.  3200 

18 

0.  3200 

0.3200 

19 

0.3200 

0.3200 

20 

0.  3200 

21 

0.3200 

22 

0.  3200 

23 

0.  3200 

24 

0.  3200 

25 

0.  3200 

26 

0.3200 

27 

0.  3200 

28 

0.3200 

29 

0.3200 

30 

0.3200 

31 

0.3200 

Average  rate,  cfs 

0.3161 

Total  yield,  inches 

0.649 

0.3380 

0.3000 

0.2800 

0.3340 

0.3000 

0.2780 

0.3320 

0.3000 

0.2760 

0.3280 

0.3000 

0.2720 

0.3260 

0.3000 

0.2700 

0.3220 

0.3000 

0.2680 

0.3200 

0.3000 

0.2640 

0.3200 

0.3000 

0.2620 

0.3200 

0.3000 

0.2600 

0.3200 

0.3000 

0.2600 

0.3200 

0.3000 

0.2600 

0.3200 

0.3000 

0.2600 

0.3200 

0.3000 

0.2600 

0.3200 

0.3000 

0.2600 

0.3180 

0.3000 

0.2500 

0 

3100 

0.3140 

0.3000 

0.2400 

ii 

3200 

0.3120 

0.3000 

0.2400 

0 

3200 

0.3080 

0.3200 

0.2400 

0 

3200 

0.3060 

0.3200 

0.2600 

0 

3200 

0.3020 

0.3200 

0.2600 

0 

3200 

0.3000 

0.3100 

0.2500 

0 

3200 

0.3000 

0.3000 

0.2500 

0 

3200 

0.3000 

0.3000 

0.2500 

0 

3200 

0.3000 

0.3000 

0.2500 

0 

3200 

0.3000 

0.3000 

0.2800 

0 

3400 

0.3000 

0.2980 

0.2800 

0 

3500 

0.3000 

0.2940 

0.2800 

0 

3800 

0.3000 

0.2920 

0.2800 

0 

3400 

0.3000 

0.2880 

0.2800 

II 

3400 

0.3000 

0.2860 

0  2800 



0.3000 

0.2820 



0.3129 

0.3003 

0.2633 

0.643 

0.617 

0.523 

Average  annual  rate: 
Total  annul  yield: 
Peak  flow: 


29 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1959-SEPTEMBER  1960. 


1 

0.2800 

2 

0.2800 

3 

0.2800 

4 

0.2800 

5 

0.2800 

6 

0.2800 

7 

8 

'< 

10 

11 

12 

13 

14 

15 

16 

17 

L8 

14 

20 

21 

22 

23 

24 

25 

26 

27 

28 

:■< 

30 

11 

Average  rate,  cfs 

Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  196  3-SEPTEMBER  1964. 


1 

2 
3 

4 

'. 

6 

7 
8 
') 

ID 
11 

12 
13 
14 
15 

16 
17 
18 
19 

.'O 

21 
22 

.'  ) 
-'■'. 
."> 

26 
27 

:h 
:■< 
30 
)] 


1.5900 

1.5200 

0.7200 

0.3700 

0.3900 

1.2100 

2.0100 

0.6900 

0.3700 

0.3900 

0.8600 

2.1200 

0.6800 

0.3600 

0.3800 

0.7000 

1.9000 

0.6700 

0.3600 

0.3800 

0.6400 

1.9000 

0.6500 

0.3600 

0.3800 

0.5800 

2.3800 

0.6500 

0.3600 

0.3800 

0.5500 

2.4600 

0.6400 

0.3600 

0.3800 

0.5300 

1.8900 

0.6300 

0.3600 

0.3800 

0.5500 

2.0100 

0.6200 

0.3600 

0.3700 

0.6500 

1.9900 

0.6100 

0.3600 

0.3700 

1.1700 

1.7700 

0.6100 

0.  3600 

0.3700 

1.5200 

1.8100 

0.6100 

0.3600 

0.3800 

2.5500 

1.8000 

0.6000 

0.3600 

0.3700 

3.4800 

1.7300 

0.5900 

0.3600 

0.3700 

3.6100 

1.6700 

0.5900 

0.3600 

0.3700 

3.9100 

1.5700 

0.5800 

0.3600 

0.3600 

3.8800 

1.5900 

0.5700 

0.3600 

0.3600 

3.9500 

1.2800 

0.5700 

0.3600 

0.3600 

3.7700 

1.1700 

0.5600 

0.3600 

0.3500 

4.9300 

1.0200 

0.5400 

0.3600 

0.3600 

4.9300 

0.9500 

0.S600 

0.3600 

0.3500 

3.6800 

0.8900 

0.5600 

0.3600 

0.3500 

2.8200 

0.8700 

0.5000 

0.3600 

0.3500 

2.7800 

0.8900 

0.4800 

0.3600 

0.3500 

2.7400 

0.8600 

0.4600 

0.3600 

0.3500 

2.5400 

0.8600 

0.4200 

0.3600 

0.4100 

2.4800 

0.8700 

0.4200 

0.3600 

0.4200 

2.0100 

0.8100 

0.4100 

0.4100 

0.4200 

0.6900    1.7200 

0.7800 

0.3700 

0.4100 

0.4100 

1.3900    1.2900 

0.7400 

0.3800 

0.4100 

0.4100 

1.1800 



0.3800 

0.4000 



Average  rate,  cfs 
Total  yield,  inches 


2.2193    1.4703   0.5587   0.3667   0.3756 


Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


30 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1964-SEPTEMBER  1965. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      KAY     JUNE     JULY 


AUG 


1 

0.4100 

0.4200 

0.4100 

0.5400 

0.5800 

2 

0.4200 

0.4200 

0.4500 

0.5400 

0.5800 

3 

0.4100 

0.4200 

0.4200 

0.5200 

0.5600 

4 

0.4200 

0.4100 

0.4100 

0.5200 

0.5600 

5 

0.4100 

0.4100 

0.4100 

0.5300 

0.5600 

6 

0.4200 

0.4100 

0.4000 

0.5200 

0.5700 

7 

0.4200 

0.4200 

0.3900 

0.5300 

0.5700 

8 

0.4200 

0.4100 

0.3800 

0.5200 

0.5800 

9 

0.4100 

0.4200 

0.3800 

0.5200 

0.5700 

10 

0.4200 

0.4100 

0.3800 

0.5100 

0.5700 

11 

0.4200 

0.4100 

0.3700 

0.5100 

0.5600 

12 

0.4200 

0.4000 

0.3600 

0.5100 

0.5600 

13 

0.4100 

0.4000 

0.3700 

0.5000 

0.5200 

14 

0.4200 

0.3900 

0.3700 

0.5000 

0.5000 

15 

0.4200 

0.3800 

0.3800 

0.5000 

0.5200 

16 

0.4100 

0.3800 

0.3800 

0.5200 

0.5000 

17 

0.4200 

0.3900 

0.3800 

0.5300 

0.5000 

18 

0.4200 

0.4000 

0.3700 

0.5300 

0.5300 

19 

0.4200 

0.4000 

0.3800 

0.5300 

0.5500 

20 

0.4100 

0.4000 

0.3800 

0.5300 

0.5400 

21 

0.4200 

0.4000 

0.3800 

0.5300 

0.5300 

22 

0.4200 

0.4000 

0.4100 

0.5500 

0.5800 

23 

0.4100 

0.3900 

0.4000 

0.5400 

0.5600 

24 

0.4200 

0.3900 

0.5700 

0.5300 

0.5600 

25 

0.4200 

0.3900 

0.8000 

0.5300 

0.5600 

26 

0.4200 

0.4100 

0.7100 

0.5300 

0.5600 

27 

0.4100 

0.4200 

0.6300 

0.5200 

0.5600 

28 

0.4200 

0.4100 

0.6000 

0.5100 

0.5800 

29 

0.4200 

0.4100 

0.5700 

0.5100 



30 

0.4100 

0.4100 

0.5500 

0.5200 



31 

0.4100 



0.5500 

0.5300 



Average 

rate,  cfs 

0.4165 

0.4047 

0.4497 

0.5226 

0.5504 

Total  y 

leld,  inches 

0.856 

0.823 

0.924 

1.074 

1.022 

2.3200 

0.6600 

0.4600 

0.3300 

1.9300 

0.6600 

0.4600 

0.3300 

1.8300 

0.6600 

0.4400 

0.3300 

2.0400 

0.6600 

0.4200 

0.3200 

1.9800 

0.6600 

0.4400 

0.3200 

2.0900 

0.6600 

0.4200 

0.3400 

2.3200 

0.6600 

0.4100 

0.3400 

1.9800 

0.6600 

0.4200 

0.3000 

1.8700 

0.6600 

0.4100 

0.3200 

2.3900 

0.6600 

0.4100 

0.3200 

2.4  300 

0.6600 

0.4100 

0.3200 

2.1400 

0.6600 

0.4100 

0.3200 

1.7600 

0.6400 

0.4100 

0.3200 

1.3700 

0.6400 

0.4000 

0.3300 

0.7900 

0.6200 

0.4000 

0.3300 

0.6600 

0.6200 

0.4000 

0.3400 

0.6600 

0.6200 

0.4000 

0.3200 

0.6900 

0.6300 

0.4100 

0.3400 

0.7100 

0.6800 

0.4300 

0.3200 

0.7200 

0.5800 

0.4300 

0.3200 

0.7000 

0.5800 

0.4100 

0.3100 

0.6900 

0.5600 

0.4200 

0.3200 

0.6800 

0.5600 

0.4200 

0.3200 

0.7500 

0.5500 

0.4100 

0.3200 

0.7300 

0.5400 

0.3800 

0.3200 

0.6900 

0.5400 

0.3800 

0.3200 

0.7700 

0.5000 

0.3500 

0.3200 

1.5700   0.7100 

0.5000 

0.3500 

0.3200 

1.8400   0.6800 

0.4900 

0.3400 

0.3100 

2.1500   0.6600 

0.4800 

0.3400 

0.3100 

2.2100    

0.4700 

0.3400 



1.3247 

0.6039 

0.4042 

0.3227 

2.635 

1.241 

0.830 

0.642 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


WHIPPLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1965-SEPTEMBER  1966. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY     JUNE     JULY 
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Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


31 


Bigler 

The  Bigler  catchment  is  the  second  smallest  (76  acres) 
on  the  Farmington  Canyon  system  (fig.  6).  It  has  the 
steepest  stream  gradient  (43  percent),  falling  840  feet  in 
less  than  2,000  feet  of  length.  This  creek  was  gaged 
with  a  6-inch  flume  and  streamflow  records  were  taken 
for  at  least  portions  of  16  years  from  1940  through 
1961. 

The  watershed  is  essentially  brush  covered  (Gambel 
oak,  maple,  and  others)  with  a  few  scattered  conifers  in 
the  lower  portion.  In  comparison  to  Halfway  and 
Whipple,  less  of  this  drainage  is  on  the  windswept 
southwest  exposure  above  8,000  feet  elevation.  Hence, 
there  is  less  of  the  low  brushy  and  herbaceous  cover 
characteristic  of  these  subalpine  exposures. 


6800 


BIGLER  CREEK 


Figure  6.— Topographic  map  of  Bigler  Creek 
watershed. 
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BIGLER   CREEK   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    19 39-SEPTEMBER    1940. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 
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Average    rate,    cfs 
Total  yield,    inches 

Average    annual    rate: 
Total    annual  yield: 
Peak    flow: 
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BIGLER    CREEK   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1940-SEPTEMBER    1941. 
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Average   annual    rate: 

0.1205 

cfs. 

Total    annual  yield: 

1 3. 75    area   inches 

Peak    flow: 
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BIGLER  CREEK    DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1 94  1-SEPTEMBER    1942. 
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Average   annual   rate:      0.2300   cfs. 
Total   annual   yield:      26.342   area   inches 
Peak    flow: 


BIGLER   CREEK   DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    1942-SEPTEMBER   1943. 
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0.0630 

0.0600 

0.0530 

0.0610 

0.0720 

0.2680 

0.1560 

0.1330 

0.0640 

0.0490 

0.0370 

1  1 

0.0530 

0.0640 

0.0600 

0.0530 

0.0610 

0.0720 

0.2590 

0.1560 

0.1470 

0.0640 

0.04  80 

0.0370 

12 

0.0550 

0.0640 

0.0600 

0.0520 

0.0620 

0.0720 

0.2420 

0.1560 

0.1470 

0.0640 

0.04  70 

0.0370 

13 

0.0530 

0.0640 

0.0590 

0.0520 

0.0620 

0.0720 

0.2590 

0.1560 

0.1620 

0.0640 

0.0460 

0.0370 

14 

0.0530 

0.0640 

0.0590 

0.0520 

0.0630 

0.0720 

0.2680 

0.1560 

0.1770 

0.0640 

0.0460 

0.0370 

1 

0.0530 

0.0650 

0.0590 

0.0520 

0.0640 

0.0720 

0.2850 

0.1560 

0.1620 

0.0640 

0.0450 

0.0370 

li, 

0.0530 

0.0680 

0.0590 

0.0520 

0.0640 

0.0690 

0.3220 

0.1560 

0.1470 

0.0640 

0.0440 

0.0370 

17 

0.0530 

0.0650 

0.0580 

0.0510 

0.0650 

0.0690 

0.3500 

0.1560 

0.1400 

0.0640 

0.0440 

0.0370 

18 

0.0530 

0.0650 

0.0580 

0.0510 

0.0660 

0.0690 

0.3600 

0.1470 

0.1330 

0.0640 

0.0460 

0.0370 

19 

0.0530 

0.0650 

0.0580 

0.0510 

0.0660 

0.0690 

0.3310 

0.1470 

0.1190 

0.0640 

0.0440 

0.0370 

2  0 

0.0530 

0.0640 

0.0580 

0.0510 

0.0670 

0.0710 

0.2940 

0.1400 

0.1190 

0.0640 

0.0390 

0.0390 

21 

0.0530 

0.0640 

0.0580 

0.0510 

0.0670 

0.0720 

0.2680 

0.1400 

0.1190 

0.0640 

0.0390 

0.0400 

J^ 

0.0530 

0.0640 

0.0570 

0.0500 

0.0680 

0.0760 

0.2250 

0.1330 

0.1190 

0.0640 

0.0390 

0.0400 

23 

0.0530 

0.0640 

0.0570 

0.0500 

0.0690 

0.0830 

0.2090 

0.1330 

0.1190 

0.0630 

0.0390 

0.0400 

24 

0.0530 

0.0630 

0.0570 

0.0500 

0.0690 

0.0930 

0.2010 

0.1190 

0.1190 

0.0620 

0.0390 

0.0400 

25 

0.0530 

0.0630 

0.0570 

0.0500 

0.0700 

0.1130 

0.1930 

0.1190 

0.1190 

0.0620 

0.0390 

0.0400 

2', 

0.0530 

0.0630 

0.0560 

0.0500 

0.0710 

0.1190 

0.2020 

0.1120 

0.1120 

0.0610 

0.0390 

0.0400 

27 

0.0600 

0.0630 

0.0560 

0.0490 

0.0710 

0.1330 

0.1930 

0.1060 

0.1120 

0.0600 

0.0390 

0.0400 

28 

0.0600 

0.0630 

0.0560 

0.0490 

0.0720 

0.1400 

0.1850 

0.1060 

0.1060 

0.0590 

0.0390 

0.0400 

29 

0.0600 

0.0620 

0.0560 

0.0490 



0.1470 

0.1770 

0.1060 

0.09  30 

0.0580 

0.0390 

0.0400 

10 

0.0600 

0.0620 

0.0560 

0.0490 



0.1550 

0.1620 

0.1120 

0.0930 

0.0580 

0.0370 

0.0400 

31 

0.0600 



0.0550 

0.0490 



0.1770 



0.1190 



0.05  70 

0.0370 

Average 

rate,   cfs 

0.0540 

0.0610 

0.0590 

0.0520 

0.0620 

0.0890 

0.2540 

0.1420 

0.1330 

0.0680 

0.0450 

0.0380 

Total  y 

ield,    Inches 

0.520 

0.587 

0.567 

0.500 

0.538 

0.860 

2.373 

1.370 

1.243 

0.655 

0.436 

0.356 

Average    annual    rate: 
Total   annual    yield: 
Peak   flow: 


0.0880   cfs. 
10.005   area   inches 
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BIGLER  CREEK  DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER   1943-SEPTEMBER   1944. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
IS 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average    race,    cfs 
Total  yield,    inches 

Average   annual    rate: 
Total   annual  yield: 
Peak    flow: 


0.0459 

0.4500 

0.2770 

0.1660 

0.0760 

0.0430 

0.0611 

0.4800 

0.3810 

0.1510 

0.0760 

0.0430 

0.0840 

0.5021 

0.49  30 

0.1660 

0.0760 

0.0449 

0.1060 

0.5360 

0.5580 

0.1850 

0.0  720 

0.0449 

0.1190 

0.5810 

0.6030 

0 .  1  7  30 

0.0679 

0.0410 

0.1160 

0.6260 

0.6260 

0.1620 

0.0679 

0.0390 

0.1300 

0.6720 

0.6260 

0.1581 

0.0600 

0.0360 

0.1470 

0.6960 

0.6140 

0.1550 

0.0510 

0.0330 

0.14  70 

0.6720 

0.5810 

0.1550 

0.0499 

0.0330 

0.1401 

0.6240 

0.5360 

0.1510 

0.0460 

0.0330 

0 

.0460 

0.1401 

0.5580 

0.4670 

0.1429 

0.0430 

0.0330 

0 

.0460 

0.1470 

0.5140 

0.4600 

0.1360 

0.0430 

0.0330 

0 

.0460 

0.1470 

0.4710 

0.4300 

0.1290 

0.0451 

0.0330 

0 

.04  30 

0.1401 

0.4300 

0.4099 

0.1221 

0.0480 

0.0330 

0 

.0390 

0.1401 

0.3900 

0.4000 

0.1160 

0.0499 

0.0330 

0, 

.0390 

0.1470 

0.3600 

0.3750 

0.1089 

0.0499 

0.0310 

0, 

.0390 

0.1470 

0.3500 

0.3600 

0.1060 

0.0480 

0.0310 

0 

.0390 

0.1470 

0.3310 

0.3310 

0.0991 

0.0460 

0.0330 

0 

.0430 

0.1470 

0.3040 

0.3130 

0.0909 

0.0460 

0.0330 

0 

.0460 

0.1470 

0.2850 

0.3130 

0.0880 

0.0460 

0.0330 

0, 

,0460 

0.1470 

0.2680 

0.3080 

0.0850 

0.0460 

0.0300 

0, 

0460 

0.1620 

0.2590 

0.2980 

0.0830 

0.0460 

0.0269 

0, 

,0460 

0.1850 

0.2590 

0.2  780 

0.0830 

0.0460 

0.0269 

0. 

,0460 

0.2090 

0.2590 

0.2481 

0.0830 

0.0460 

0.0269 

0 

,0460 

0.2330 

0.2590 

0.2290 

0.0800 

0.0460 

0.0269 

0, 

0460 

0.2420 

0.2500 

0.2420 

0.0720 

0.0460 

0.0300 

0. 

0460 

0.2590 

0.2420 

0.2460 

0.0679 

0.0460 

0.0330 

0. 

0460 

0.3040 

0.2420 

0.2250 

0.0720 

0.0460 

0.0330 

0, 

0460 

0.3500 

0.2330 

0.2010 

0.0760 

0.0460 

0.0330 

0. 

0460 

0.4000 

0.2330 

0.1809 

0.0760 

0.0440 

0.0401 

0. 

0460 



0.2420 



0.0760 

0.0430 



0.0168 

0.4057 

0.3870 

0.1166 

0.0519 

0.0341 

1.571 

3.924 

3.622 

1.128 

0.502 

0.319 

BIGLER   CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1944-SEPTEMBER    1945. 


1 

0.0430 

0.0530 

0.0460 

0.0460 

0.0460 

0.0520 

0.2470 

0.7940 

0.2250 

0.2770 

0.09  30 

0.0430 

2 

0.0430 

0.0440 

0.0460 

0.0460 

0.0460 

0.0590 

0.2540 

0.8960 

0.2090 

0.2680 

0.09  30 

0.0390 

3 

0.0390 

0.0440 

0.0460 

0.0460 

0.0460 

0.0650 

0.2600 

0.9620 

0.2170 

0.2590 

0.1190 

0.0430 

4 

0.0360 

0.0460 

0.0460 

0.0460 

0.0460 

0.0710 

0.2660 

0.9620 

0.2250 

0.2420 

0.1060 

0.0430 

5 

0.0360 

0.0640 

0.0460 

0.0460 

0.0460 

0.0770 

0.272JD 

0.9350 

0.3130 

0.2590 

0.0930 

0.0390 

6 

0.0360 

0.0600 

0.0460 

0.0460 

0.0460 

0.0840 

0.2  790 

0.8570 

0.5800 

0.2420 

0.09  30 

0.0440 

7 

0.0360 

0.0600 

0.0460 

0.0460 

0.0460 

0.0900 

0.2850 

0.7940 

0.6150 

0.2250 

0.1060 

0.0440 

8 

0.0360 

0.0530 

0.0460 

0.0460 

0.0460 

0.0960 

0.2910 

0.6960 

0.6490 

0.2170 

0.0930 

0.0430 

9 

0.0390 

0.0510 

0.0460 

0.0460 

0.0460 

0.1030 

0.2980 

0.6490 

0.7200 

0.2090 

0.0930 

0.0390 

10 

0.0400 

0.0430 

0.0460 

0.0460 

0.0460 

0.1090 

0.3040 

0.5800 

0.7200 

0.2250 

0.09  30 

0.0390 

11 

0.0400 

0.0430 

0.0460 

0.0460 

0.0460 

0.1150 

0.3100 

0.5360 

0.6490 

0.2090 

0.0930 

0.0360 

12 

0.0400 

0.0430 

0.0460 

0.0460 

0.0460 

0.1210 

0.3160 

0.4920 

0.6030 

0.2010 

0.1060 

0.0330 

13 

0.0390 

0.0430 

0.0460 

0.0460 

0.0460 

0.1280 

0.3230 

0.4810 

0.5800 

0.1930 

0.0990 

0.0330 

14 

0.0390 

0.0390 

0.0460 

0.0460 

0.0460 

0.1340 

0.3290 

0.4500 

0.5920 

0.1930 

0.0930 

0.0330 

15 

0.0390 

0.0390 

0.0460 

0.0460 

0.0460 

0.1400 

0.3350 

0.4090 

0.5800 

0 . 1 840 

0.0800 

0.0360 

16 

0.0430 

0.0460 

0.0460 

0.0460 

0.0460 

0.1470 

0.3420 

0.4090 

0.5580 

0.1770 

0.0720 

0.0390 

17 

0.0430 

0.0460 

0.0460 

0.0460 

0.0460 

0.1530 

0.3480 

0.4090 

0.5250 

0.1620 

0.0760 

0.0390 

18 

0.0390 

0.0460 

0.0460 

0.0460 

0.0460 

0.1590 

0.3540 

0.3890 

0.4920 

0.1550 

0.0760 

0.0460 

19 

0.0360 

0.0460 

0.0460 

0.0460 

0.0460 

0.1660 

0.3600 

0.3890 

0.4710 

0.1550 

0.1060 

0.0460 

20 

0.0340 

0.0460 

0.0460 

0.0460 

0.0460 

0.1720 

0.3670 

0.3800 

0.4500 

0.1470 

0.1060 

0.0470 

21 

0.0340 

0.0460 

0.0460 

0.0460 

0.0460 

0.1780 

0.3730 

0.3600 

0.4300 

0.1470 

0.0800 

0.0470 

22 

0.0340 

0.0460 

0.0460 

0.0460 

0.0460 

0.1840 

0.3790 

0.3500 

0.3990 

0.1470 

0.0760 

0.0470 

23 

0.0340 

0.0460 

0.0460 

0.0460 

0.0460 

0.1910 

0.3860 

0.3500 

0.3890 

0.1400 

0.0680 

0.0570 

24 

0.0430 

0.0460 

0.0460 

0.0460 

0.0460 

0.1970 

0.3920 

0.3220 

0.3700 

0.1330 

0.0640 

0.0680 

25 

0.0460 

0.0460 

0.0460 

0.0460 

0.0460 

0.2030 

0.3980 

0.3130 

0.3500 

0.1120 

0.0600 

0.05  70 

26 

0.04  70 

0.0460 

0.0460 

0.0460 

0.0460 

0.2100 

0.4050 

0.3020 

0.3310 

0.1060 

0.0530 

0.0530 

27 

0.0460 

0.0460 

0.0460 

0.0460 

0.0460 

0.2160 

0.4110 

0.2940 

0.3130 

0.0990 

0.0530 

0.0460 

28 

0.0430 

0.0460 

0.0460 

0.0460 

0.0460 

0.2220 

0.4500 

0.2770 

0.3130 

0.0990 

0.0500 

0.0470 

29 

0.0430 

0.0460 

0.0460 

0.0460 



0.2280 

0.5250 

0.2590 

0.3130 

0.0990 

0.0530 

0.04  70 

30 

0.0390 

0.0460 

0.0460 

0.0460 



0.2350 

0.6590 

0.2680 

0.2940 

0.0930 

0.0530 

0.04  70 

31 

0.04  30 



0.0460 

0.0460 



0.2410 



0.2590 



0.0830 

0.04  30 



Average 

rate,    cfs 

!            0.0400 

0.04  70 

0.0460 

0.0460 

0.0460 

0.1470 

0.3500 

0.5100 

0.4490 

0.1760 

0.0820 

0.0440 

Total   y 

ield,    inches        0.383 

0.441 

0.445 

0.445 

0.402 

1.418 

3.278 

4.936 

4.204 

1.702 

0.79  3 

0.412 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


0. 1650   cfs. 
18.859   area   inches 
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BICLER   CREEK   DISCHARGE,    CUBIC    FEET  PER   SECOND,    OCTOBER    1945-SEPTEMBER    1946. 


1 

0.0470 

0.0460 

0.0390 

0.0390 

0.0390 

0.0530 

0.2010 

0.4710 

0.2940 

0.1330 

0.0720 

0.0600 

2 

0.0470 

0.0460 

0.0390 

0.0390 

0.0390 

0.0600 

0.1850 

0.4500 

0.3040 

0.1190 

0.0720 

0.0600 

3 

0.04  70 

0.0430 

0.0390 

0.0390 

0.0390 

0.0600 

0.1850 

0.4400 

0.3040 

0.1120 

0.0680 

0.0500 

4 

0.0470 

0.0430 

0.0390 

0.0390 

0.0390 

0.0600 

0.1850 

0.4300 

0.3130 

0.1120 

0.0680 

0.0530 

5 

0.0470 

0.0460 

0.0390 

0.0390 

0.0390 

0.0530 

0.1930 

0.4090 

0.3040 

0.1120 

0.0640 

0.0530 

6 

0.0470 

0.0390 

0.0390 

0.0390 

0.0390 

0.0600 

0.2170 

0.3990 

0.3040 

0.1120 

0.0640 

0.0500 

/ 

0.0470 

0.0460 

0.0390 

0.0390 

0.0390 

0.0600 

0.2250 

0.3990 

0.2940 

0.1060 

0.0640 

0.0500 

8 

0.0470 

0.0450 

0.0390 

0.0390 

0.0390 

0.0600 

0.2250 

0.3890 

0.2860 

0.1060 

0.0640 

0.0500 

9 

0.0470 

0.0390 

0.0390 

0.0390 

0.0390 

0.0680 

0.2170 

0.3890 

0.2770 

0.1120 

0.0640 

0.0530 

lu 

0.0470 

0.0390 

0.0390 

0.0390 

0.0390 

0.1060 

0.2170 

0.3890 

0.2590 

0.1120 

0.0600 

0.0510 

11 

0.0470 

0.0390 

0.0390 

0.0390 

0.0390 

0.1090 

0.2590 

0.3600 

0.2510 

0.1120 

0.0640 

0.0460 

12 

0.0460 

0.0390 

0.0390 

0.0390 

0.0390 

0  . 1 1  30 

0.2940 

0.3500 

0.2420 

0.1120 

0.0680 

0.0460 

13 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1160 

0.3700 

0.3310 

0.2250 

0.1060 

0.0760 

0.0460 

14 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1190 

0.4710 

0.3130 

0.2170 

0.1060 

0.0640 

0.0460 

1:. 

0.0370 

0.0390 

0.0390 

0.0390 

0.0390 

0.1230 

0.5580 

0.3130 

0.2090 

0.0930 

0.0640 

0.0460 

U 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1260 

0.6850 

0.2940 

0.2010 

0.0930 

0.0600 

0.0500 

17 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1290 

0.8190 

0.2850 

0.2020 

0.0930 

0.0600 

0.0440 

18 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1330 

0.8960 

0.2680 

0.2090 

0.09  30 

0.0600 

0.0440 

19 

0.0400 

0.0390 

0.0390 

0.0390 

0.0390 

0.1360 

0.9090 

0.2590 

0.2010 

0.09  30 

0.0570 

0.0440 

20 

0.0460 

0.0390 

0.0390 

0.0390 

0.0390 

0.1400 

0.8570 

0.2500 

0.1850 

0.09  30 

0.0530 

0.0440 

21 

0.0460 

0.0390 

0.0390 

0.0390 

0.0390 

0.1430 

0.7940 

0.2420 

0.1770 

0.0930 

0.0530 

0.0440 

22 

0.0430 

0.0390 

0.0390 

0.0390 

0.0390 

0.1460 

0.7320 

0.2340 

0.1620 

0.0830 

0.0600 

0.0440 

23 

0.0430 

0.0390 

0.0390 

0.0390 

0.0390 

0.1500 

0.6730 

0.2420 

0.1470 

0.0830 

0.0600 

0.0430 

24 

0.0430 

0.0390 

0.0390 

0.0390 

0.0390 

0.15  30 

0.6150 

0.2340 

0.1700 

0.09  30 

0.0530 

0.0430 

25 

0.0400 

0.0390 

0.0390 

0.0390 

0.0390 

0.1560 

0.5800 

0.2250 

0.1620 

0.0880 

0.0530 

0.0430 

26 

0.04  30 

0.0390 

0.0390 

0.0390 

0.0390 

0.1600 

0.5690 

0.2250 

0.1550 

0.0880 

0.0600 

0.0430 

27 

0.04  30 

0.0390 

0.0390 

0.0390 

0.0420 

0.1630 

0.5580 

0.2420 

0.  1470 

0.0830 

0.0600 

0.0430 

28 

0.0460 

0.0390 

0.0390 

0.0390 

0.0450 

0.1770 

0.5140 

0.3700 

0.1470 

0.0800 

0.0570 

0.0430 

j'i 

0.0460 

0.0390 

0.0390 

0.0390 



0.1930 

0.4920 

0.3130 

0.1400 

0.0760 

0.0570 

0.0430 

iO 

0.04  30 

0.0390 

0.0390 

0.0390 



0.2010 

0.4710 

0.3040 

0.1330 

0.0760 

0.0570 

0.0430 

31 

0.0430 



0.0390 

0.0390 



0.2090 



0.3040 



0.0760 

0.0530 



Ave 

rage    rate,    cfs 

0.0440 

0.0400 

0.0390 

0.0390 

0.0390 

0.1210 

0.4720 

0.3260 

0.2210 

0.0980 

0.0620 

0.0470 

Tut 

al  yield,    inches 

0.430 

0.378 

0.377 

0.377 

0.344 

1.165 

4.419 

3.158 

2.065 

0.951 

0.596 

0.442 

Average  annual    rate: 
Total   annual  yield: 
Peak    flow: 


0.1290    cfs. 
1A. 702    area   inches 


BIGLER  CREEK   DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER   1946-SEPTEMBER   1947. 

OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

0.0680 

0.0530 

0.0530 

0.0530 

0.0530 

0.2890 

0.3700 

0.4500 

0.3130 

0.1470 

0.0830 

0.0520 

2 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.3150 

0.3800 

0.4300 

0.3040 

0.1470 

0.0830 

0.0520 

3 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.3410 

0.3890 

0.4200 

0.3130 

0.1330 

0.0760 

0.0510 

4 

0.0600 

0.0530 

0.0530 

0.0530 

0.05  30 

0.3670 

0.3800 

0.4090 

0.2940 

0.1330 

0.0880 

0.0510 

5 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.3940 

0.3700 

0.3890 

0.2680 

0.1330 

0.0600 

0.0510 

6 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.4200 

0.3600 

0.3800 

0.2590 

0.1330 

0.0600 

0.0510 

7 

0.0670 

0.0530 

0.0530 

0.0530 

0.0530 

0.4460 

0.3500 

0.3600 

0.2590 

0.1260 

0.0600 

0.0510 

8 

0.0640 

0.0530 

0.0530 

0.0530 

0.0530 

0.4720 

0.3130 

0.3520 

0.2770 

0.1260 

0.0600 

0.0510 

9 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.4980 

0.2940 

0.3520 

0.2770 

0.1260 

0.0570 

0.0510 

L0 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.5250 

0.2770 

0.3800 

0.2590 

0.1190 

0.0760 

0.0510 

11 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.5510 

0.2680 

0.4300 

0.2770 

0.1190 

0.0680 

0.0510 

12 

0.0570 

0.0530 

0.0530 

0.0530 

0.0530 

0.5770 

0.2770 

0.4500 

0.2940 

0.1190 

0.0600 

0.0510 

13 

0.0570 

0.0530 

0.0530 

0.0530 

0.0530 

0.6030 

0.3020 

0.4920 

0.2770 

0.1190 

0.0530 

0.0510 

14 

0.0570 

0.0530 

0.0530 

0.0530 

0.0530 

0.6290 

0.3700 

0.4500 

0.2590 

0.1190 

0.0530 

0.0510 

15 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.6560 

0.4500 

0.4300 

0.2340 

0.1190 

0.0530 

0.0510 

It, 

0.0640 

0.0530 

0.0530 

0.0530 

0.0530 

0.6820 

0.5580 

0.4200 

0.2170 

0.1190 

0.0530 

0.0510 

17 

0.0680 

0.05  30 

0.0530 

0.0530 

0.0530 

0.7080 

0.6150 

0.4090 

0.2090 

0.1130 

0.0530 

0.0510 

18 

0.0640 

0.0530 

0.0530 

0.0530 

0.0530 

0.6580 

0.6380 

0.4090 

0.2090 

0.09  30 

0.0530 

0.0510 

19 

0.0680 

0.0530 

0.0530 

0.0530 

0.0530 

0.6080 

0.6150 

0.4090 

0.1930 

0.09  30 

0.0470 

0.0510 

21) 

0.0760 

0.0530 

0.0530 

0.0530 

0.0530 

0.5590 

0.5920 

0.40  70 

0.2090 

0.0880 

0.0460 

0.0510 

21 

0.0760 

0.0530 

0.0530 

0.0530 

0.0790 

0.5090 

0.5920 

0.3890 

0.2090 

0.09  30 

0.0500 

0.0510 

22 

0.0680 

0.0530 

0.0530 

0.0530 

0.1050 

0.4590 

0.5920 

0.3870 

0.2010 

0.1060 

0.0530 

0.0510 

2  i 

0.0680 

0.0530 

0.0530 

0.0530 

0.1320 

0.4090 

0.5580 

0.3800 

0.19  30 

0.09  30 

0.0530 

0.0510 

24 

0.0640 

0.0530 

0.0530 

0.0530 

0.1580 

0.3600 

0.5250 

0.3700 

0.1850 

0.0830 

0.0530 

0.0510 

25 

0.0600 

0.0530 

0.0530 

0.0530 

0.1840 

0.3100 

0.3600 

0.1770 

0.0830 

0.0500 

0.0510 

26 

0.0530 

0.0530 

0.0530 

0.0530 

0.2100 

0.2600 

0.3500 

0.1560 

0.0830 

0.0500 

0.0510 

.'/ 

0.0530 

0.0530 

0.0530 

0.0530 

0.2360 

0.2680 

0.3500 

0.1550 

0.0830 

0.0500 

0.0510 

2H 

0.0530 

0.0530 

0.05  30 

0.0530 

0.2630 

0.2860 

0.3500 

0.1550 

0.0830 

0.0530 

0.0510 

29 

0.0530 

0.0530 

0.0530 

0.0530 



0.3030 

0.3310 

0.1550 

0.0760 

0.0530 

0.0510 

30 

0.0530 

0.0530 

0.0530 

0.0530 



0.3500 

0.3130 

0.1550 

0.0720 

0.0530 

0.0510 

il 

0.0530 



0.0530 

0.0530 



0.3600 

0.3130 



0.0760 

0.0530 



Average    rate,    cfs 

0.0610 

0.0530 

0.0530 

0.0530 

0.0870 

0.4570 

0.4440 

0.3910 

0.2310 

0.1080 

0.0590 

0.0510 

Total 

yield,    inches 

0.592 

0.496 

0.513 

0.513 

0.757 

4.421 

4.154 

3.781 

2.166 

1.047 

0.566 

0.478 

innual    r<itc  : 
Total    annual    yield: 
Peak    1  low : 


0.1710   cfs. 
19.4  84 
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BIGLER   CREEK    DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    194 7-SEPTEMBER    1948. 


1 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.5900 

0.6030 

0.2250 

0.0760 

0.0530 

2 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.6290 

0.6030 

0.2250 

0.0760 

0.0500 

3 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.05  30 

0.0530 

0.6670 

0.5800 

0.2170 

0.0720 

0.0460 

4 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.7440 

0.5360 

0.2010 

0.0830 

0.0460 

5 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.  7940 

0.5140 

0.1930 

0.0880 

0.0460 

6 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.8440 

0.4710 

0.1930 

0.0830 

0.0460 

7 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.4500 

0.1860 

0.0830 

0.0500 

8 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.9880 

0.4  300 

0.1930 

0.0800 

0.0460 

9 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.9220 

0.4090 

0 . 1 850 

0.0720 

0.0460 

10 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.8220 

0.4090 

0.17  70 

0.0680 

0.0430 

11 

0.0680 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.7940 

0.3800 

0.17  7U 

0.0680 

0.0400 

12 

0.05  30 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.7690 

0.3500 

0.  1700 

0.0640 

0.0400 

13 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.7720 

0.3310 

0.17  70 

0.0600 

0.0400 

14 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.7940 

0.3220 

0.1700 

0.0600 

0.0400 

15 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.7940 

0.3020 

0.1470 

0.0600 

0.0400 

16 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.8070 

0.3130 

0.1470 

0.05  70 

0.0400 

17 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.8190 

0.3220 

0.1400 

0.05  70 

0.0400 

18 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0910 

0.8220 

0.3130 

0.1330 

0.0600 

0.0530 

19 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.1     illl) 

0.8440 

0.3130 

0.1470 

0.0530 

0.0570 

20 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.1680 

0.8440 

0 .  3 1  30 

0.1400 

0.0530 

0.0460 

21 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.05  30 

0.2070 

0.8220 

0.4090 

0.1330 

0.0530 

0.0440 

22 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.2450 

0.8190 

0.3500 

0.1330 

0.0500 

0.0440 

23 

0.0530 

0.0530 

0.0530 

0.0530 

0*.05  30 

0.0530 

0.2830 

0.8190 

0.3310 

0.1190 

0.0500 

0.0440 

J* 

0.0530 

0.0530 

0.05  30 

0.0530 

0.0530 

0.0530 

0.3220 

0.80  70 

0.3220 

0.1330 

0.0530 

0.0440 

25 

0.0530 

0.0530 

0.0530 

0.05  30 

0.0530 

0.0530 

0.3600 

0.8090 

0.3020 

0.1190 

0.0600 

0.0460 

26 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.3990 

0.7690 

0.2770 

0.1120 

0.0570 

0.0460 

27 

0.0530 

0.05  30 

0.0530 

0.0530 

0.0530 

0.0530 

0.4  3  70 

0.7200 

0.2680 

0.09  30 

0.0530 

0.0460 

28 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.4  750 

0.7020 

0.2590 

0.1060 

0.0530 

0.0530 

29 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.5140 

0.6960 

0.2420 

0.09  30 

0.0530 

0.0460 

30 

0.0530 

0.0530 

0.0530 

0.0530 



0.0530 

0.5520 

0.6730 

0.2250 

0.09  30 

0.0580 

0.0460 

31 

0.0530 



0.0530 

0.0530 



0.0530 



0.6260 



0.0800 

0.0580 



Average 

rate,    cfs 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.05  30 

0.1700 

0.7840 

0.3750 

0.1540 

0.0640 

0.0460 

Total   y 

ield,    inches 

0.512 

0.496 

0.513 

0.513 

0.479 

0.513 

1.586 

7.582 

3.509 

1.484 

0.615 

0.426 

Average    annual   rate: 
Total   annual   yield: 
Peak    flow: 


0.1590    cfs. 
18.228   area   inches 


BIGLER   CREEK.   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1948-SEPTEMBER    1949- 


1 

0.0430 

0.0760 

0.0530 

0.0530 

0.0530 

0.0530 

0.3660 

0.8960 

0.5580 

2 

0.0390 

0.0530 

0.0530 

0.0530 

0.0530 

0.0610 

0.3850 

0.8190 

0.5360 

3 

0.0390 

0.0530 

0.0530 

0.0530 

0.0530 

0.0600 

0.4040 

0.7940 

0.5140 

4 

0.0430 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.42  30 

0.7940 

0.5030 

5 

0.0570 

0.0530 

0.0530 

0.0530 

0.0530 

0.0720 

0.4420 

0.7690 

0.4820 

6 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0760 

0.4610 

0.6960 

0.4600 

7 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0680 

0.4800 

0.6730 

8 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.4980 

0.6380 

9 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0  .  5  1  70 

0.6270 

10 

0.0500 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.5360 

0.6270 

11 

0.0500 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.5  800 

0.6260 

12 

0.0470 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.6030 

0.6150 

13 

0.0470 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.6520 

0.5920 

14 

0.0640 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.7020 

0.5580 

15 

0.0930 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0.7510 

0.5580 

16 

0.0600 

0.0530 

0.0530 

0.0530 

0.0530 

0.0640 

0 . 8000 

0.5580 

17 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.0830 

0.8490 

0.6490 

18 

0.0540 

0.05  30 

0.0530 

0.0530 

0.0530 

0.1020 

0.8990 

0.6030 

19 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.1210 

0.9480 

0.5920 

20 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.1400 

1.0830 

0.6730 

21 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.1580 

1.1110 

0.7440 

22 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.1770 

1.1950 

0.7940 

23 

0.0540 

0.0530 

0.0530 

0.0530 

0.0530 

0.1960 

1.1950 

0.8440 

24 

0.0510 

0.0530 

0.0530 

0.0530 

0.05  30 

0.2150 

1.2520 

0.8700 

25 

0.0510 

0.0530 

0.0530 

0.0530 

0.0530 

0.2340 

1.3400 

0.8440 

26 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.2530 

1.29  70 

0.8190 

27 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.2720 

1.2100 

0.7690 

28 

0.0530 

0.0530 

0.0530 

0.0530 

0.0530 

0.2910 

1.1390 

0.7200 

29 

0.0760 

0.0530 

0.0530 

0.0530 



0.3100 

1.0830 

0.6730 

30 

0.0760 

0.0530 

0.0530 

0.0530 



0.3280 

0.9  750 

0.6260 

31 

0.0830 



0.0530 

0.0530 



0.3470 



0.5800 

Averag 

e    rate,    cfs 

0.0550 

0.0540 

0.0530 

0.0530 

0.0530 

0.1370 

0.8060 

0.6980 

Total 

yield,    inches 

0.536 

0.503 

0.513 

0.513 

0.463 

1.328 

7.542 

6.751 

Average   annual    rate: 
Total    annual   yield: 
Peak    flow: 
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DAY 


BIGLER   CREEK    DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1955-SEPTEMBER    1956. 


I 

2 
3 
4 
5 

6 

7 
8 

•' 
LO 

II 

\: 
1 3 

14 
15 

16 

I  1 
lb 
19 

.'U 

21 

22 
-'  J 
24 
25 

26 
27 
28 

J  9 
30 
31 

Average    rate,    cfs 
Total   yield,    inches 


0.2420 

0.1850 

0.2170 

0.0720 

0.0500 

0.0330 

0.2420 

0.1770 

0.2170 

0.0720 

0.0460 

0.0330 

0.2420 

0.17  70 

0.2090 

0.0680 

0.0390 

0.0330 

0.2420 

0.1700 

0.1930 

0.0600 

0.0390 

0.0330 

0.2250 

0.1620 

0.19  30 

0.0600 

0.0390 

0.0330 

0.2170 

0.1550 

0.1850 

0.0600 

0.0360 

0.0330 

0.2090 

0.1470 

0.1620 

0.0530 

0.0360 

0.0330 

0.2090 

0.1470 

0.1470 

0.0460 

0.0360 

0.0320 

0.2090 

0.1470 

0.1470 

0.0530 

0.0360 

0.0310 

0.2250 

0.1770 

0.1330 

0.0500 

0.0330 

0.0200 

0.2250 

0.1850 

0.1330 

0.0530 

0.0330 

0.0300 

0.2420 

0.1770 

0.1330 

0.0500 

0.0330 

0.0290 

0.2510 

0.17  70 

0.1330 

0.0460 

0.0330 

0.0280 

0.2590 

0.1930 

0.1260 

0.0460 

0.0330 

0.0270 

0.2680 

0.2420 

0.1190 

0.0460 

0.0330 

0.0300 

0.2590 

0.2590 

0.1190 

0.0460 

0.0330 

0.0290 

0.2770 

0.2680 

0.1190 

0.0460 

0.0330 

0.0300 

0.2860 

0.2940 

0.FO60 

0.0460 

0.0330 

0.0300 

0.2770 

0.3130 

0.0880 

0.0460 

0.0330 

0.0310 

0.2770 

0.3130 

0.0830 

0.0460 

0.0330 

0.0320 

0.2770 

0.3130 

0.0830 

0.0460 

0.0330 

0.0330 

0.2770 

0.3040 

0.0830 

0.0500 

0.0330 

0.0330 

0.2  7  70 

0.2940 

0.0830 

0.0500 

0.0330 

0.0330 

0.2770 

0.2940 

0.0830 

0.0390 

0.0330 

0.0330 

0.2590 

0.2860 

0.0830 

0.0390 

0.0330 

0.0330 

0.2340 

0.2770 

0.0830 

0.0420 

0.0330 

0.0330 

0.2250 

0.2860 

0.0830 

0.0460 

0.0330 

0.0330 

0.2090 

0.2860 

0.0830 

0.0500 

0.0330 

0.0330 

0.2010 

0.2590 

0.0760 

0.0530 

0.0330 

0.0320 

0.1850 

0.2420 

0.0720 

0.0530 

0.0330 

0.0310 



0.2250 



0.0530 

0.0330 



0.2430 

0.2300 

0.1260 

0.0510 

0.0350 

0.0320 

2.278 

2.224 

1.  177 

0.492 

0.338 

0.295 

Average    annual    rate: 
Total   annual   yield: 
Peak    flow: 


DAY 


BIGLER   CREEK    DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1956-SEPTEMBER    1957. 


1 

0.0300 

0.0530 

0.0390 

0.0390 

0.0390 

0.0460 

0.0680 

0.2770 

0.8440 

0.2340 

0.0640 

0.0530 

2 

0.0300 

0.0530 

0.0390 

0.0390 

0.0390 

0.0500 

0.0720 

0.3400 

0.7940 

0.2250 

0.0630 

0.0530 

3 

0.0290 

0.0530 

0.0390 

0.0390 

0.0390 

0.0500 

0.0680 

0.3800 

0.7200 

0.2250 

0.0630 

0.0500 

4 

0.0280 

0.0530 

0.0390 

0.0390 

0.0390 

0.0460 

0.0680 

0.4200 

0.6840 

0.2170 

0.0640 

0.0500 

5 

0.0270 

0.0530 

0.0390 

0.0390 

0.0390 

0.0460 

0.0720 

0.4610 

0.6610 

0.2090 

0.0640 

0.0500 

6 

0.0280 

0.0530 

0.0390 

0.0390 

0.0390 

0.0500 

0.0770 

0.4820 

0.6030 

0.2010 

0.0640 

0.0500 

7 

0.0300 

0.0530 

0.0390 

0.0390 

0.0390 

0.0500 

0.0760 

0.4710 

0.5690 

0.1950 

0.0620 

0.0500 

8 

0.0310 

0.0510 

0.0390 

0.0390 

0.0390 

0.0530 

0.0780 

0.4500 

0.5360 

0.1850 

0.0600 

0.0500 

9 

0.0320 

0.0500 

0.0390 

0.0390 

0.0390 

0.0640 

0.0850 

0.4300 

0.5360 

0.1770 

0.0560 

0.0500 

LO 

0.0330 

0.0480 

0.0390 

0.0390 

0.0390 

0.0680 

0.1070 

0.3700 

0.5250 

0.1930 

0.0560 

0.0500 

1  I 

0.0350 

0.0470 

0.0390 

0.0390 

0.0390 

0.0600 

0.1220 

0.3310 

0.5030 

0.1850 

0.0600 

0.0500 

12 

0.0360 

0.0450 

0.0390 

0.0390 

0.0390 

0.0570 

0.1470 

0.3040 

0.4710 

0.1620 

0.0600 

0.0500 

1  1 

0.0350 

0.0440 

0.0390 

0.0390 

0.0390 

0.0600 

0.1620 

0.3310 

0.4500 

0.1540 

0.0560 

0.0500 

u 

0.0340 

0.0420 

0.0380 

0.0390 

0.0390 

0.0530 

0.1930 

0.3500 

0.4300 

0.1400 

0.0600 

0.0500 

15 

0.0330 

0.0410 

0.0380 

0.0390 

0.0390 

0.0460 

0.1850 

0.3700 

0.4090 

0.1400 

0.0610 

0.0500 

It, 

0.0330 

0.0390 

0.0380 

0.0390 

0.0390 

0.0500 

0.1470 

0.3800 

0.4090 

0.1330 

0.0680 

0.0500 

1  1 

0.0320 

0.0390 

0.0370 

0.0390 

0.0390 

0.0500 

0.1190 

0.3890 

0.3890 

0.1430 

0.0610 

0.0500 

L8 

0.0310 

0.0390 

0.0370 

0.0390 

0.0390 

0.0460 

0.1190 

0.3800 

0.3700 

0.1330 

0.0610 

0.0530 

19 

0.0300 

0.0390 

0.0360 

0.0390 

0.0390 

0.0460 

0.1130 

0.4710 

0.3600 

0.1190 

0.0600 

0.0500 

20 

0.0310 

0.0390 

0.0360 

0.0390 

0.0390 

0.0530 

0.1120 

0.4710 

0.3700 

0.1060 

0.0600 

0.0500 

21 

0.0330 

0.0390 

0.0360 

0.0390 

0.0390 

0.0600 

0.1060 

0.4500 

0.3600 

0.0930 

0.0640 

0.0500 

22 

0.0340 

0.0390 

0.0370 

0.0390 

0.0390 

0.0640 

0.1190 

0.4500 

0.3500 

0.09  30 

0.0600 

0.0500 

2  I 

0.0350 

0.0390 

0.0370 

0.0390 

0.0500 

0.0720 

0.1470 

0.4920 

0.3310 

0.0830 

0.0560 

0.0500 

2  4 

0.0360 

0.0390 

0.0370 

0.0390 

0.0500 

0.0720 

0.1400 

0.54  70 

0.3130 

0.0830 

0.0530 

0.0460 

25 

0.0380 

0.0390 

0.0370 

0.0390 

0.0460 

0.0600 

0.1400 

0.6850 

0.3130 

0.0930 

0.0530 

0.0460 

26 

0.0390 

0.0390 

0.0380 

0.0390 

0.0460 

0.0600 

0.1470 

0.8960 

0.3130 

0.0930 

0.0530 

0.0430 

27 

0.0460 

0.0390 

0.0380 

0.0390 

0.0460 

0.0600 

0.1550 

1.0560 

0.3040 

0.0930 

0.0530 

0.0430 

28 

0.0500 

0.0390 

0.0380 

0.0390 

0.0460 

0.0600 

0.1770 

1.1390 

0.2940 

0.0880 

0.0500 

0.0430 

29 

0.0500 

0.0390 

0.0390 

0.0390 



0.0680 

0.2090 

1.0830 

0.2770 

0.0880 

0.0560 

0.04  30 

30 

0.0500 

0.0390 

0.0390 

0.0390 



0.0760 

0.2420 

1.0280 

0.2590 

0.0800 

0.0530 

0.0430 

31 

0.0530 



0.0390 

0.0390 



0.0760 



0.9220 



0.0720 

0.0530 



Average    rate,    cfs 

0.0350 

0.0440 

0.0380 

0.0390 

0.0410 

0.0550 

0.1260 

0.5360 

0.4580 

0.1430 

0.0590 

0.0490 

Total   yield,    inches 

0.340 

0.413 

0.369 

0.377 

0.356 

0.528 

1.177 

5.179 

4.288 

1.384 

0.5  70 

0.458 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


0.1350   cfs. 
15.643   area   inches 
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BIGLER  CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1957-SEPTEMBER   1958. 


DAY 


1 

0.0390 

0.0470 

0.0610 

0.0460 

2 

0.0390 

0.04  70 

0.0610 

0.0460 

3 

0.0430 

0.0470 

0.0610 

0.0460 

4 

0.0460 

0.04  70 

0.0610 

0.0460 

5 

0.0460 

0.0470 

0.0610 

0.0460 

6 

0.0460 

0.04  70 

0.0610 

0.0460 

7 

0.0460 

0.0470 

0.0610 

0.0530 

8 

0.0460 

0.0570 

0.0610 

0.0530 

9 

0.0460 

0.0570 

0.0610 

0.0530 

10 

0.0460 

0.0570 

0.0610 

0.0530 

11 

0.0460 

0.0570 

0.0610 

0.0530 

12 

0.0460 

0.0540 

0.0610 

0.0530 

13 

0.0460 

0.0540 

0.0610 

0.0530 

14 

0.0460 

0.0540 

0.0610 

0.0530 

15 

0.0460 

0.0540 

0.0760 

0.0530 

16 

0.04  70 

0.0540 

0.0800 

0.0530 

17 

0.04  70 

0.0540 

0.0680 

0.0530 

18 

0.04  70 

0.0540 

0.0640 

19 

0.0470 

0.0540 

0.0460 

20 

0.0470 

0.0540 

0.0460 

21 

0.0470 

0.0540 

0.0460 

22 

0.04  70 

0.0540 

0.0460 

23 

0.04  70 

0.0540 

0.0460 

24 

0.0470 

0.0560 

0.0460 

25 

0.0470 

0.0580 

0.0460 

26 

0.0470 

0.0610 

0.0460 

27 

0.04  70 

0.0610 

0.0460 

28 

0.0470 

0.0610 

0.0460 

29 

0.0470 

0.0610 

0.0460 

30 

0.0470 

0.0610 

0.0460 

31 

0.0470 



0.0460 

Average    rate,    cfs 

0.0460 

0.0540 

0.0560 

Total   yield,    inches 

0.443 

0.504 

0.542 

0.6840 

0.5030 

0.1930 

0.0680 

0.0460 

0.7940 

0.4710 

0.1850 

0.0640 

0.0460 

0.9750 

0.4500 

0.1770 

0.0600 

0.0460 

1.1950 

0.4500 

0.1770 

0.0560 

0.0460 

1.3400 

0.4500 

0.1770 

0.0530 

0.0460 

1.5060 

0.4500 

0.1700 

0.0460 

0.0460 

1.5830 

0.4400 

0.1550 

0.0460 

0.0390 

1.5060 

0.4200 

0.1470 

0.0530 

0.0460 

1.4000 

0.4090 

0.1470 

0.0680 

0.0530 

1.3550 

0.3990 

0.1400 

0.0640 

0.0500 

1.3400 

0.3800 

0.1470 

0.0600 

0.0460 

1.2380 

0.3500 

0.1470 

0.0530 

0.0500 

1.1530 

0.3310 

0.1470 

0.0530 

0.0460 

1.0560 

0.3220 

0.1470 

0.0530 

0.0460 

0.9750 

0.3130 

0.1400 

0.0600 

0.0460 

0.9220 

0.3130 

0.1260 

0.0600 

0.0460 

0 

3500 

0.9220 

0.2940 

0.1130 

0.0600 

0.0460 

0 

5690 

0.9090 

0.2770 

0.0990 

0.0600 

0.0460 

0 

6490 

0.8700 

0.2590 

0.09  30 

0.0530 

0.0460 

0 

7200 

0.8320 

0.2590 

0.09  30 

0.0530 

0.0460 

0 

8440 

0.7940 

0.2590 

0.0880 

0.0560 

0.0460 

0 

9350 

0.7560 

0.2510 

0.0830 

0.0530 

0.0460 

0 

8960 

0.7440 

0.2340 

0.0830 

0.0530 

0.0460 

0 

8060 

0.7440 

0.2340 

0.0830 

0.0530 

0.0460 

0 

6850 

0.7440 

0.2340 

0.0800 

0.0500 

0.0460 

0 

6140 

0.7200 

0.2420 

0.0680 

0.0460 

0.0460 

0 

5690 

0.6840 

0.2340 

0.0680 

0.0460 

0.0460 

0 

5360 

0.6150 

0.2250 

0.0640 

0.0530 

0.0460 

0 

5580 

0.5690 

0.2170 

0.0760 

0.0530 

0.0460 

0 

0580 

0.5580 

0.2090 

0.0830 

0.0500 

0.0460 



0.5250 



0.0760 

0.0460 



0.9680 

0.3290 

0.1216 

0.0550 

0.0460 

9.361 

3.081 

1.176 

0.531 

0.433 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


BIGLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1958-SEPTEMBER  1959. 
OCT      NOV       DEC      JAN       FEB      MAR      APR      HAY      JUNE      JULY 


1 

0.0460 

0.0480 

2 

0.0460 

0.0480 

3 

0.0460 

0.0480 

4 

0.0460 

0.0480 

5 

0.0460 

0.0480 

6 

0.0460 

0.0480 

7 

0.0460 

0.0490 

8 

0.0460 

0.0490 

9 

0.0460 

0.0490 

10 

0.0460 

0.0490 

11 

0.0460 

0.0490 

12 

0.0460 

0.0490 

13 

0.0460 

0.0490 

14 

0.0460 

0.0500 

15 

0.0460 

0.0500 

16 

0.0460 

0.0500 

17 

0.0460 

0.0500 

18 

0.0460 

0.0500 

19 

0.0460 

0.0500 

20 

0.0460 

21 

0.0460 

22 

0.0470 

23 

0.0470 

24 

0.0470 

25 

0.0470 

26 

0.0470 

27 

0.04  70 

28 

0.0470 

29 

0.0480 

30 

0.0480 

31 

0.0480 

Average    rate,    cfs 

0.0460 

Total   yield,    incl 

es        0.449 

0.1700 

0.09  30 

0.0560 

0.0330 

0.0330 

0.1700 

0.0930 

0.0530 

0.0330 

0.0330 

0.1770 

0.0830 

0.0460 

0.0330 

0.0330 

0.1770 

0.0760 

0.0460 

0.0330 

0.0330 

0.1770 

0.0760 

0.0460 

0.0330 

0.0330 

0.1770 

0.0760 

0.0460 

0.0330 

0.0330 

0.17  70 

0.0760 

0.0430 

0.0330 

0.0330 

0.1700 

0.0760 

0.0460 

0.0330 

0.0330 

0.1700 

0.0760 

0.0460 

0.0330 

0.0330 

0.1700 

0.0760 

0.0460 

0.0330 

0.0330 

0.1700 

0.0760 

0.0430 

0.0330 

0.0330 

0.1620 

0.0680 

0.0390 

0.0330 

0.0330 

0 

1060 

0.1620 

0.0680 

0.0390 

0.0330 

0.0330 

0 

1060 

0.1620 

0.0760 

0.0390 

0.0330 

0.0330 

0 

1060 

0.1330 

0.0800 

0.0390 

0.0330 

0.0390 

0 

1000 

0.1190 

0.0800 

0.0390 

0.0330 

0.0330 

0 

0930 

0.1190 

0.0760 

0.0360 

0.0330 

0.0330 

0 

0830 

0.1190 

0.0760 

0.0360 

0.0330 

0.0330 

0 

0830 

0.1190 

0.0760 

0.0360 

0.0330 

0.0390 

0 

0830 

0.1190 

0.0680 

0.0360 

0.0330 

0.0390 

0 

0930 

0.1120 

0.0680 

0.0360 

0.0330 

0.0390 

0 

0930 

0.1060 

0.0600 

0.0360 

0.0330 

0.0390 

0 

1060 

0.1060 

0.0460 

0.0360 

0.0330 

0.0360 

0 

1060 

0.1060 

0.0460 

0.0360 

0.0330 

0.0330 

0 

1060 

0  . 1 1  30 

0.0460 

0.0360 

0.0330 

0.0390 

0 

1620 

0.1060 

0.0530 

0.0360 

0.0330 

0.0390 

0 

1770 

0.1330 

0.0530 

0.0360 

0.0330 

0.0390 

0 

1770 

0.1130 

0.0640 

0.0330 

0.0330 

0.0390 

0 

1700 

0.09  30 

0.0600 

0.0330 

0.0330 

0.0390 

0 

1700 

0.09  30 

0.0600 

0.0330 

0.0330 

0.0390 



0.0930 



0.0330 

0.0330 



0.1380 

0.0700 

0.0400 

0.0330 

0.0340 

1.338 

0.655 

0.387 

0.332 

0.315 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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si 


BIGLER   CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER   1959-SEPTEMBER   1960. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 

0.0330 


Average   rate,    cfs 
Total   yield,    inches 

Average   annual   rate: 
Total  annual   yield: 
Peak    flow: 


0.2090 

0.14  70 

0.0600 

0.0530 

0.0430 

0.2250 

0.1330 

0.0600 

0.0470 

0.0390 

0.2250 

0.1190 

0.0600 

0.0460 

0.04  30 

0.2420 

0.1190 

0.0600 

0.0460 

0.0460 

0.2250 

0.1190 

0.0600 

0.0460 

0.0460 

0.2250 

0.1130 

0.0600 

0.0420 

0.0430 

0.2250 

0.1190 

0.0600 

0.0420 

0.0390 

0.2250 

0.1190 

0.0600 

0.0400 

0.0360 

0.2250 

0.1190 

0.0600 

0.0390 

0.0360 

0.2090 

0 . 1 1  30 

0.0560 

0.0390 

0.0360 

0.2010 

0.1060 

0.0540 

0.0390 

0.0340 

0.1930 

0.1060 

0.0540 

0.0360 

0.0340 

0.19  30 

0.0880 

0.0540 

0.0360 

0.0340 

0.1930 

0.0830 

0.0540 

0.0360 

0.0340 

0 

4090 

0.1930 

0.0830 

0.0540 

0.0340 

0.0340 

0 

3890 

0.1930 

0.0830 

0.0540 

0.0340 

0.0340 

0 

3600 

0.1770 

0.0800 

0.0540 

0.0340 

0.0340 

0 

3310 

0.1930 

0.0800 

0.0530 

0.0340 

0.0340 

11 

3130 

0.1930 

0.0800 

0.0500 

0.0340 

0.0340 

0 

3050 

0.1930 

0.0800 

0.0460 

0.0340 

0.0340 

0 

2940 

0.1930 

0.0760 

0.0460 

0.0340 

0.0340 

0 

2  7  70 

0.1930 

0.0760 

0.0460 

0.0390 

0.0340 

0 

2770 

0.1930 

0.0760 

0.0460 

0.0460 

0.0340 

0 

2770 

0.1850 

0.0720 

0.0460 

0.0460 

0.0340 

0 

2590 

0.1850 

0.0690 

0.0460 

0.0460 

0.0340 

0 

2250 

0.1850 

0.0690 

0.0530 

0.0430 

0.0340 

0 

2090 

0.1850 

0.0690 

0.0430 

0.0390 

0.0340 

0 

1930 

0.1770 

0.0680 

0.0390 

0.0390 

0.0340 

0 

2090 

0.1620 

0.0640 

0.0390 

0.0360 

0.0340 

0 

2090 

0.1470 

0.0600 

0.0360 

0.0340 

0.0350 



0.1470 



0.0360 

0.0340 



0.1970 

0.09  30 

0.0520 

0.0400 

0.0360 

1.906 

0.869 

0.498 

0.382 

0.337 

BIGLER   CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    1960-SEPTEMBER   1961. 


1 

0.0350 

2 

0.0350 

3 

0.0350 

4 

0.0360 

5 

0.0360 

6 

0.0370 

/ 

0.0370 

8 

0.0370 

9 

0.0430 

lu 

0.0500 

n 

0.0400 

12 

0.0400 

l  1 

0.0400 

14 

0.0400 

15 

0.0400 

16 

0.0400 

17 

0.0400 

18 

19 

20 

21 

22 

23 

... 

25 

26 

27 

28 

' 

)0 

31 

Avera>:i     rate, 

Total    yield,    inch 

0.0310 

0.0270 

0.0270 

0.0300 

0.0270 

0.0270 

0.0300 

0.0270 

0.0270 

0.0360 

0.0270 

0.0270 

0.0300 

0.02  70 

0.0270 

0.0300 

0.0280 

0.0270 

0.0300 

0.0300 

0.0270 

0.0300 

0.0300 

0.0270 

0.0300 

0.0300 

0.0330 

0.0280 

0.0300 

0.0330 

0.0270 

0.0300 

0.0330 

0.0270 

0.0300 

0.0330 

0.02  70 

0.0300 

0.0330 

0.02  70 

0.0300 

0.0330 

0.0270 

0.0290 

0.0330 

0.0270 

0.0290 

0.0330 

0.0270 

0.0290 

0.0360 

0.0270 

0.0280 

0.0640 

0.0270 

0.0280 

0.0460 

0.0270 

0.0280 

0.0390 

0 

0330 

0.02  70 

0.0270 

0.0330 

0 

0330 

0.0270 

0.0270 

0.0330 

n 

0330 

0.0270 

0.0270 

0.0330 

0 

0330 

0.0270 

0.02  70 

0.0330 

0 

0330 

0.0270 

0.0300 

0.0330 

0 

0330 

0.0270 

0.0300 

0.0330 

0 

0330 

0.0270 

0.02  70 

0.0330 

0 

0330 

0.0270 

0.0270 

0.0330 

0 

0320 

0.0270 

0.02  70 

0 

0310 

0.0270 
0.0270 

0.0280 
0.272 

0.0270 
0.0270 

0.0280 
0.274 

Average   annual    rate: 
Total    annual    yield: 
Peak    flow: 


40 


Hollingsworth 

The  Hollingsworth  catchment  is  similar  to  its 
neighbor,  Bigler,  but  slightly  larger  (114  acres)  and  less 
steep  (fig.  7).  It,  too,  was  gaged  with  a  6-inch  flume. 
Streamflow  records  were  taken  for  14  years  from  1940 
through  1959. 

Most  of  the  vegetative  cover  consists  of  mountain 
brush  (oak,  maple,  snowbrush,  and  others)  and  a 
noticeable  component  of  scattered  conifers.  Like 
Halfway  and  especially  Whipple,  a  high-elevation  portion 
of  Hollingsworth  is  covered  with  low  brushy  and  her- 
baceous vegetation. 


7200 


7000 


HOLLINGSWORTH  CREEK 


Figure  7. — Topographic  map  of  Hollingsworth 
Creek  watershed. 
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HOLLINGSWORTH    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER   1939-SEPTEMBER   1940. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


SEPT 


1 
2 
3 

4 

5 

6 
7 
8 
9 
10 

11 
L2 

13 

14 
15 

16 

17 
L8 
19 

.'ii 

21 
22 
23 
24 
25 

26 

27 
28 
29 
30 

il 

Average    rate,    cfs 
Total   yield,    Inches 

Average   annual   rate: 
Total   annual    yield: 
Peak    flow: 


0.4941 

0.4396 

0.0486 

0.0270 

0.0270 

0.0270 

0.4201 

0.5642 

0.0460 

0.0270 

0.0270 

0.0270 

0.3252 

0.7710 

0.0416 

0.0270 

0.0270 

0.0270 

0.3421 

0.8302 

0.0290 

0.0270 

0.0270 

0.0270 

0.3701 

0.7331 

0.0390 

0.0270 

0.0270 

0.0270 

0.3801 

0.6806 

0.0390 

0.0270 

0.0270 

0.0270 

0.4201 

0.6240 

0.0390 

0.0270 

0.0270 

0.0270 

0.4501 

0.5892 

0.0390 

0.0270 

0.0270 

0.0270 

0.4501 

0.5419 

0.0390 

0.0270 

0.0270 

0.0270 

0.4812 

0.5205 

0.0360 

0.0270 

0.0270 

0.0270 

0.4846 

0.4736 

0.0330 

0.0270 

0.0270 

0.0270 

0.5852 

0.4002 

0.0330 

0.0270 

0.0270 

0.0358 

0.7883 

0.3508 

0.0300 

0.0270 

0.0270 

0.0297 

0.8880 

0.3130 

0.0270 

0.0270 

0.0270 

0.0240 

0.9270 

0.2460 

0.0270 

0.0270 

0.0240 

0.0240 

0.8079 

0.2234 

0.0270 

0.0270 

0.0210 

0.0300 

0.8288 

0.2010 

0.0270 

0.0270 

0.0210 

0.0330 

0.9573 

0.1605 

0.0270 

0*0270 

0.0210 

0.0330 

1.0527 

0.1470 

0.0270 

0'.0270 

0.0240 

0.0330 

0 

2842 

1.1549 

0.1330 

0.0270 

0.0270 

0.0270 

0.0330 

0 

4242 

1.0636 

0.1150 

0.0270 

0.0270 

0.0270 

0.0330 

0 

5585 

0.9816 

0.1043 

0.0270 

0.0270 

0.0270 

0.0330 

0 

6544 

0.9532 

0.0921 

0.0270 

0.0270 

0.0270 

0.0330 

0 

7841 

0.8764 

0.0830 

0.0270 

0.0270 

0.0270 

0.0330 

0 

7428 

0.9446 

0.0830 

0.0270 

0.0270 

0.0270 

0.0330 

0 

7395 

0.8908 

0.0800 

0.0270 

0.0270 

0.0270 

0.0330 

1 

1475 

0.6700 

0.0740 

0.0270 

0.0270 

0.0270 

0.0330 

il 

5435 

0.5169 

0.0708 

0.0270 

0.0270 

0.0270 

0.0330 

0 

4001 

0.4157 

0.0720 

0.0270 

0.0270 

0.0270 

0.0330 

0 

5054 

0.3794 

0.0642 

0.0270 

0.0270 

0.0270 

0.0330 

') 

5515 



0.0550 



0.0270 

0.0270 



0.6548 

0.3279 

0.9613 

0.0270 

0.0262 

0.0301 

4.238 

2.054 

0.201 

0.175 

0.170 

0.188 

HOLLINGSWORTH    CREEK    DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1940-SEPTEMBER    1941. 


1 

0.0300 

0.0360 

0.0380 

0.0380 

0.0180 

0.0580 

0.1190 

1.5520 

0.05  30 

0.0400 

0.0280 

0.0230 

2 

0.0270 

0.0380 

0.0380 

0.0380 

0.0180 

0.0580 

0.0930 

1.7090 

0.0500 

0.0430 

0.0270 

0.0230 

3 

0.0240 

0.0380 

0.0380 

0.0380 

0.0180 

0.0480 

0.0830 

1.6770 

0.0460 

0.0390 

0.0270 

0.0270 

4 

0.0210 

0.0380 

0.0380 

0.0380 

0.0180 

0.0380 

0.0760 

1.4290 

0.0500 

0.0390 

0.0250 

0.0230 

< 

0.0210 

0.0380 

0.0380 

0.0380 

0.0180 

0.0380 

0.1060 

1.4000 

0.0390 

0.0360 

0.0250 

0.0220 

>■ 

0.0210 

0.0380 

0.0380 

0.0380 

0.0180 

0.0380 

0.1060 

1.4290 

0.0330 

0.0360 

0.0250 

0.0220 

7 

0.0210 

0.0380 

0.0380 

0.0380 

0.0280 

0.0380 

0.0930 

1.4290 

0.0530 

0.0340 

0.0250 

0.0220 

M 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.1060 

1.9040 

0.0600 

0.0330 

0.0250 

0.0210 

'< 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0480 

0.1060 

2.1400 

0.04  70 

0.0330 

0.0270 

0.0220 

LO 

0.0210 

0. 0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.1060 

2.1740 

0.0530 

0.0330 

0.0270 

0.0230 

11 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.0930 

2.0040 

0.0530 

0.0330 

0.0250 

0.0240 

L2 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.0830 

1.8380 

0.0530 

0.0300 

0.0390 

0.0240 

13 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.0800 

1.6770 

0.0570 

0.0300 

0.0240 

0.0250 

14 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.0680 

1.2810 

0.0570 

0.0290 

0.0240 

0.0250 

15 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.0680 

0.7200 

0.0570 

0.0290 

0.0240 

0.0260 

16 

0.0210 

0.0380 

0.0380 

0.0380 

0.0380 

0.0580 

0.0680 

0.2250 

0.0570 

0.0290 

0.0240 

0.0260 

17 

0.0240 

0.0380 

0.0380 

0.0380 

0.0380 

0.0680 

0.0680 

0.1330 

0.0570 

0.0300 

0.0240 

0.0260 

IK 

0.0270 

0.0380 

0.0380 

0.0380 

0.0380 

0.0790 

0.0680 

0.1190 

0.0530 

0.0300 

0.0270 

0.0260 

L9 

0.0270 

0. 0380 

0.0380 

0.0380 

0.0380 

0.0900 

0.0570 

0.0830 

0.0460 

0.0300 

0.0240 

0.0260 

21) 

0.0300 

0.0380 

0.0380 

0.0380 

0.0380 

0.  1100 

0.0600 

0.0760 

0.0460 

0.0300 

0.0240 

0.0260 

.'I 

0.0330 

0.0380 

0.0380 

0.0380 

0.0380 

0.1320 

0.0800 

0.0760 

0.0460 

0.0300 

0.0240 

0.0260 

.'J 

0.0330 

0.0380 

0.0380 

0.0380 

0.0380 

0.1430 

0.1330 

0.0760 

0.0460 

0.0300 

0.0240 

0.0250 

2  ! 

0.0330 

0.0380 

0.0380 

0.0380 

0.0480 

0.1125 

0.1620 

0.0760 

0.0430 

0.0300 

0.0240 

0.0240 

2  -'. 

0.0330 

0.0380 

0.0380 

0.0380 

0.0580 

0.1000 

0.1850 

0.0680 

0.0430 

0.0270 

0.0240 

0.0240 

25 

0.0330 

0.0380 

0.0380 

0.0380 

0.0580 

0.1000 

0.2090 

0.1190 

0.0530 

0.0330 

0.0230 

0.0240 

■>. 

0.0330 

0.0380 

0.0380 

0.0380 

0.0580 

0.1067 

0.2420 

0.1060 

0.0680 

0.0300 

0.0230 

0.0240 

2  7 

0.0330 

0.0380 

0.0380 

0.0380 

0.0580 

0.1493 

0.2420 

0.0680 

0.0640 

0.0290 

0.0230 

0.0240 

28 

0.0330 

0.0380 

0.0380 

0.0380 

0.0580 

0.2151 

0.2590 

0.0640 

0.0600 

0.0280 

0.0230 

0.0260 

'< 

0.0330 

0.0380 

0.0380 

0.0380 



0.2130 

0.7200 

0.0600 

0.0600 

0.0280 

0.0230 

0.0260 

30 

0.  0330 

0.0380 

0.0380 

0.0380 



0.2209 

1.4900 

0.0600 

0.0530 

0.0280 

0.0230 

0.0270 

il 

0.0330 



0.0380 

0.0280 



0.2714 



0.0530 



0.0280 

0.0230 



Average  rate,  cfs 

0.0266 

0.0379 

0.0380 

0.0377 

0.0373 

0.0942 

0.1810 

0.8331 

0.0519 

0.0318 

0.0251 

0.0244 

Total 

1,  incl 

es   0.17  2 

0.238 

0.246 

0.244 

0.218 

0.610 

1.133 

5.392 

0.325 

0.206 

0.162 

0.153 

Average  annual    rate:      0.1183   cfs 
Total    annual    yield:      9.098  area    inches 
Peak    flow: 
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HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1941  -  SEPTEMBER  1942. 


1 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0390 

0.5580 

0.3700 

0.5580 

0.0760 

0.0270 

0.0270 

2 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0410 

0.6960 

0.3500 

0.5580 

0.0720 

0.0270 

0.0270 

3 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0420 

0.8700 

0.3700 

0.4920 

0.0680 

0.0270 

0.0270 

4 

0.0270 

0.0270 

0.0300 

0.0270 

0.0270 

0.0440 

1.2810 

0.4300 

0.4500 

0.0680 

0.0270 

0.0270 

5 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

1.2810 

0.4920 

0.3310 

0.0640 

0.0270 

0.0270 

6 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

1.0010 

0.6260 

0.2770 

0.0600 

0.0270 

0.0270 

7 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

0.9350 

0.8190 

0.1930 

0.0600 

0.0270 

0.0270 

8 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

0.9480 

1.1670 

0.1850 

0.0570 

0.0270 

0.0270 

9 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

1.0830 

1.5520 

0.1470 

0.0530 

0.0270 

0.0270 

10 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

1.2810 

1.4290 

0.1330 

0.0500 

0.0270 

0.0270 

11 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

1.6140 

1.1950 

0.1330 

0.0430 

0.0330 

0.0270 

12 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

1.9870 

0.9350 

0.1330 

0.0390 

0.0270 

0.0300 

13 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

2.3490 

0.7690 

0.1260 

0.0330 

0.0270 

0.0270 

14 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

2.3490 

0.6960 

0.1260 

0.0330 

0.0270 

0.0270 

is 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

2.1400 

0.8190 

0.1260 

0.0330 

0.0270 

0.0270 

16 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

1.7410 

1.0280 

0.1230 

0.0330 

0.0270 

0.0270 

17 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

1.5010 

1.0010 

0.1190 

0.0330 

0.0270 

0.0270 

18 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

1.3400 

1.1110 

0.1190 

0.0330 

0.0270 

0.0270 

19 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

1.0560 

1.4000 

0.1120 

0.0330 

0.0270 

0.0270 

20 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0640 

1.1110 

1.8060 

0.1120 

0.0330 

0.0270 

0.0270 

21 

0.0270 

0.0270 

0.0270 

0.0270 

0.0270 

0.0680 

1.4600 

2.2090 

0.1060 

0.0330 

0.0270 

0.0270 

22 

0.0270 

0.0270 

0.0270 

0.0270 

0.0290 

2.0720 

2.0040 

2.3310 

0.1060 

0.0330 

0.0270 

0.0270 

23 

0.0270 

0.0270 

0.0270 

0.0270 

0.0300 

0.0800 

1.8710 

2.2090 

0.1060 

0.0330 

0.0270 

0.0270 

24 

0.0270 

0.0270 

0.0270 

0.0270 

0.0320 

0.0930 

1.3700 

1.9370 

0.1000 

0.0330 

0.0270 

0.0270 

25 

0.0270 

0.0270 

0.0270 

0.0270 

0.0330 

0.0930 

0.9750 

1.5520 

0.0880 

0.0330 

0.0300 

0.0270 

26 

0.0270 

0.0270 

0.0270 

0.0270 

0.0350 

0.0930 

0.7200 

1.3130 

0.1060 

0.0330 

0.0270 

0.0270 

n 

0.0270 

0.0270 

0.0270 

0.0270 

0.0360 

0.0930 

0.6030 

1.0690 

0.1000 

0.0330 

0.0270 

0.0270 

28 

0.0270 

0.0270 

0.0270 

0.0270 

0.0380 

0.1000 

0.4920 

0.8190 

0.0880 

0.0270 

0.0270 

0.0270 

29 

0.0270 

0.0270 

0.0270 

0.0270 



0.1190 

0.3890 

0.6960 

0.0830 

0.0270 

0.0270 

0.0270 

30 

0.0270 

0.0270 

0.0270 

0.0270 



0.1930 

0.3130 

0.5800 

0.0790 

0.0270 

0.0270 

0.0270 

31 

0.0270 



0.0270 

0.0270 



0.3890 



0.5580 



0.0270 

0.0270 



Average  rate,  cfs. 

0.0270 

0.0270 

0.0270 

0.0270 

0.0286 

0.0787 

1.2440 

1.0850 

0.1838 

0.0424 

0.0273 

0.0271 

Total  yield,  inches 

0.175 

0.169 

0.176 

0.175 

0.167 

0.509 

7.792 

7.023 

1.151 

0.274 

0.177 

0.170 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2354  cfs. 
17.7830  area  inches 


HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1942  -  SEPTEMBER  1943. 


NOV 


1 

0.0270 

0.0290 

0.0330 

0.0330 

0.0330 

0.0570 

0.2420 

0.3500 

0.1120 

0.0390 

0.0290 

0.0300 

2 

0.0270 

0.0280 

0.0330 

0.0330 

0.0330 

0.0590 

0.4600 

0.3310 

0.1120 

0.0330 

0.0290 

0.0310 

3 

0.0270 

0.0270 

0.0330 

0.0330 

0.0330 

0.0500 

0.5580 

0.2590 

0.1450 

0.0300 

0.0290 

0.0320 

4 

0.0270 

0.0280 

0.0330 

0.0330 

0.0330 

0.0460 

0.5360 

0.2590 

0.1780 

0.0300 

0.0290 

0.0340 

5 

0.0270 

0.0290 

0.0330 

0.0330 

0.0330 

0.0390 

0.4920 

0.1850 

0.2120 

0.0300 

0.0290 

0.0350 

6 

0.0270 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.4920 

0.1690 

0.2450 

0.0300 

0.0290 

0.0360 

7 

0.0270 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.4920 

0.1330 

0.2780 

0.0300 

0.0290 

0.0330 

8 

0.0270 

0.0310 

0.0330 

0.0330 

0.0330 

0.0330 

0.4500 

0.1060 

0.3130 

0.0290 

0.0280 

0.0270 

9 

0.0270 

0.0320 

0.0330 

0.0330 

0.0330 

0.0500 

0.4090 

0.0950 

0.2940 

0.0290 

0.0280 

0.0270 

10 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.2940 

0.0840 

0.2590 

0.0290 

0.0280 

0.0270 

11 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.1620 

0.0760 

0.2170 

0.0290 

0.0280 

0.0270 

12 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0500 

0.1930 

0.0760 

0.1930 

0.0290 

0.0270 

0.0270 

13 

0.0330 

0.0330 

0.0330 

0.0330 

0.0340 

0.0530 

0.3310 

0.0760 

0.1930 

0.0290 

0.0270 

0.0270 

14 

0.0330 

0.0330 

0.0330 

0.0330 

0.0360 

0.0590 

0.5580 

0.0720 

0.1930 

0.0300 

0.0270 

0.0270 

15 

0.0330 

0.0330 

0.0330 

0.0330 

0.0370 

0.0590 

0.7200 

0.0720 

0.1930 

0.0300 

0.0270 

0.0270 

16 

0.0330 

0.0330 

0.0330 

0.0330 

0.0390 

0.0600 

0.8440 

0.0700 

0.1770 

0.0290 

0.0270 

0.0270 

17 

0.0330 

0.0330 

0.0330 

0.0330 

0.0400 

0.0600 

0.9350 

0.0690 

0.1620 

0.0290 

0.0260 

0.0270 

18 

0.0330 

0.0330 

0.0330 

0.0330 

0.0410 

0.0600 

0.9220 

0.0640 

0.1470 

0.0290 

0.0250 

0.0270 

19 

0.0330 

0.0330 

0.0330 

0.0330 

0.0430 

0.0600 

0.8190 

0.0610 

0.1330 

0.0290 

0.0250 

0.0270 

20 

0.0330 

0.0330 

0.0330 

0.0330 

0.0440 

0.0600 

0.7690 

0.0580 

0.1190 

0.0290 

0.0240 

0.0270 

21 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.0600 

0.6730 

0.0550 

0.1060 

0.0290 

0.0240 

0.0270 

22 

0.0330 

0.0330 

0.0330 

0.0330 

0.0470 

0.0600 

0.6030 

0.0510 

0.0930 

0.0290 

0.0230 

0.0270 

23 

0.0330 

0.0330 

0.0330 

0.0330 

0.0480 

0.0680 

0.6030 

0.0480 

0.0830 

0.0290 

0.0230 

0.0270 

24 

0.0330 

0.0330 

0.0330 

0.0330 

0.0500 

0.0880 

0.5800 

0.0490 

0.0760 

0.0290 

0.0240 

0.0270 

25 

0.0330 

0.0330 

0.0330 

0.0330 

0.0510 

0.1070 

0.4710 

0.0530 

0.0720 

0.0290 

0.0240 

0.0270 

26 

0.0330 

0.0330 

0.0330 

0.0330 

0.0530 

0.1270 

0.3700 

0.0500 

0.0640 

0.0290 

0.0250 

0.0330 

27 

0.0330 

0.0330 

0.0330 

0.0330 

0.0540 

0.1460 

0.3700 

0.0460 

0.0600 

0.0290 

0.0250 

0.0360 

28 

0.0320 

0.0330 

0.0330 

0.0330 

0.0550 

0.1660 

0.3600 

0.0460 

0.0600 

0.0290 

0.0260 

0.0380 

29 

0.0310 

0.0330 

0.0330 

0.0330 



0.1860 

0.3130 

0.0500 

0.0600 

0.0290 

0.0260 

0.0390 

30 

0.0300 

0.0330 

0.0330 

0.0330 



0.2050 

0.3130 

0.0530 

0.0530 

0.0290 

0.0270 

0.0390 

31 

0.0300 



0.0330 

0.0330 



0.2250 



0.0600 



0.0290 

0.0280 



Average  rate,  cfs 

0.0308 

0.0319 

0.0330 

0.0330 

0.0398 

0.0791 

0.5111 

0.1041 

0.1534 

0.0297 

0.0266 

0.0301 

Total  yield,  inch 

es    0.199 

0.200 

0.214 

0.214 

0.233 

0.512 

3.201 

0.673 

0.961 

0.192 

0.172 

0.188 

Average  annual  rate: 
Total  annual  rate: 
Peak  flow: 


0.0919  cfs. 

6. 959  area  inches 
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HOLLINGSUORTH    CREEK   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER   1943-SEPTEMBER   1944. 


DAY 


NOV 


1 

2 

i 

4 

- 

6 

7 

8 

• 

HI 

!  1 

L2 

1  i 

14 

IS 

16 

17 

\H 

l'l 

L'O 

21 

22 

2  i 

2S 

0.0750 

26 

0.0853 

27 

0.0750 

28 

0.0750 

29 

0.0750 

(0 

0.0750 

SI 

0.0600 

0.0600 
0.0600 
0.0600 
0.0600 


Average   rate,    cfs 
Total   yield,    inches 


0.1411 

0.7822 

0.2160 

0.0570 

0.0329 

0.0271 

0.2271 

0.7822 

0.6212 

0.0531 

0.0299 

0.0271 

0.3430 

0.6962 

1.3374 

0.0531 

0.0271 

0.0271 

0.4721 

0.7211 

1.5673 

0.0531 

0.0271 

0.0271 

0.5361 

0.9122 

1.3714 

0.0490 

0.0271 

0.0271 

0.5142 

1.2893 

1.1543 

0.0420 

0.0271 

0.0271 

0.5250 

1.7124 

0.9632 

0.0390 

0.0271 

0.0271 

0.5250 

1.9545 

0.7952 

0.0360 

0.0271 

0.0271 

0.4111 

1.9714 

0.6611 

0.0299 

0.0271 

0.0271 

0.3040 

1.9034 

0.5361 

0.0299 

0.0271 

0.0271 

0 

0600 

0.2771 

1.6804 

0.4290 

0.0329 

0.0240 

0.0271 

0 

0600 

0.2771 

1.3573 

0.3801 

0.0299 

0.0210 

0.0271 

0 

0559 

0.2590 

1.1263 

0.3501 

0.0271 

0.0210 

0.0271 

') 

04  90 

0.2420 

0.9363 

0.3031 

0.0271 

0.0210 

0.0271 

0 

0459 

0.2331 

0.7701 

0.2590 

0.0271 

0.0210 

0.0271 

0 

0459 

0.2331 

0.6271 

0.2331 

0.0271 

0.0210 

0.0271 

II 

04  59 

0.2331 

0.5040 

0.2171 

0.0271 

0.0210 

0.0271 

0 

0459 

0.2171 

0.4000 

0.1931 

0.0271 

0.0210 

0.0271 

0 

0459 

0.2011 

0.3220 

0.1690 

0.0271 

0.0210 

0.0271 

1 

0459 

0.1931 

0.2680 

0.1541 

0.0271 

0.0210 

0.0271 

0 

04  59 

0.1931 

0.2251 

0.1400 

0.0271 

0.0240 

0.0271 

0 

0459 

0.2011 

0.2091 

0.1261 

0.0271 

0.0271 

0.0271 

0 

0459 

0.2509 

0.2091 

0.1120 

0.0271 

0.0271 

0.0271 

(1 

0459 

0.3421 

0.1931 

0.1001 

0.0271 

0.0271 

0.0271 

0 

0459 

0.3790 

0.1690 

0.0880 

0.0271 

0.0271 

0.0271 

0 

0429 

0.3701 

0.1541 

0.0940 

0.0271 

0.0271 

0.0271 

0 

0360 

0.3790 

0.1471 

0.0940 

0.0271 

0.0271 

0.0271 

0 

0310 

0.3991 

0.1400 

0.0750 

0.0271 

0.0271 

0.0271 

11 

0310 

0.4511 

0.1259 

0.0639 

0.0271 

0.0271 

0.0271 

0 

0459 

0.6061 

0.1259 

0.0600 

0.0271 

0.0271 

0.0321 

0 

0830 



0.1259 



0.0299 

0.0271 



0.3312 

0.7271 

0.4288 

0.0330 

0.0254 

0.0272 

2.075 

4.706 

2.686 

0.213 

0.164 

0.171 

Average    annual    rite: 
Total    annual    yield: 
Peak    flow: 


H0LLINGSWORTH    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER   1 944-SEPTEMBER   1945. 


1 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.5220 

1.4900 

0.1190 

0.0830 

0.0390 

0.0330 

2 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.5400 

1.7090 

0.0930 

0.0760 

0.0390 

0.0330 

3 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.5570 

1.9040 

0.1190 

0.0760 

0.04  30 

0.0330 

4 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.5750 

2.0040 

0.1620 

0.0760 

0.0430 

0.0330 

5 

0.0330 

0.0500 

0.0330 

0.0330 

0.0330 

0.0500 

0.5920 

1.9700 

0.5580 

0.0720 

0.0390 

0.0330 

t. 

0.0330 

0.0390 

0.0330 

0.0330 

0.0330 

0.0680 

0.6100 

1.9870 

1.8710 

0.0680 

0.0390 

0.0330 

7 

'  0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0850 

0.6270 

1.9700 

1.9700 

0.0680 

0.0460 

0.0360 

8 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1030 

0.6440 

1.7410 

1.5830 

0.0640 

0.04  30 

0.0360 

9 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1200 

0.6620 

1.4290 

1.2240 

0.0640 

0.0430 

0.0330 

Hi 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1380 

0.6790 

1.1950 

1.1110 

0.0680 

0.0430 

0.0330 

I  1 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.1550 

0.6970 

1  .i|-,hii 

0.9300 

0.0600 

0.0430 

0.0300 

12 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.1730 

0.7140 

0.8700 

0.8190 

0.0600 

0.0460 

0.0300 

1    1 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.1900 

0.7320 

0.7940 

0.7440 

0.0600 

0.0430 

0.0300 

14 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.2080 

0.7490 

0.5800 

0.6260 

0.0570 

0.0430 

0.0300 

15 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.2250 

0.7670 

0.4090 

0.5250 

0.0530 

0.0460 

0.0300 

L6 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.2430 

0.7840 

0.4240 

0.4300 

0.0530 

0.04  30 

0.0300 

1  i 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.2600 

0.8020 

0.4090 

0.3700 

0.0500 

0.04  30 

0.0300 

L8 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.2780 

0.8190 

0.3700 

0.3220 

0.0460 

0.0390 

0.0360 

19 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.2950 

0.7820 

0.3270 

0.2860 

0.0460 

0.0600 

0.0390 

20 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.3130 

0.7490 

0.2770 

0.2590 

0.0460 

0.0640 

0.0390 

2  1 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.3300 

0.7100 

0.2340 

0.2330 

0.0460 

0.0500 

0.0390 

11 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.3470 

0.6740 

0.2250 

0.2170 

0.0460 

0.0430 

0.04  30 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.3650 

0.6370 

0.2090 

0.2010 

0.0460 

0.0430 

0.0460 

24 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.3820 

0.6000 

0.2170 

0.1850 

0.0460 

0.0430 

0.0430 

25 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.4000 

0.5650 

0.2090 

0.1620 

0.04  30 

0.0390 

0.0430 

if. 

0.0270 

0.0330 

0.0330 

0.0330 

0.4170 

0.5280 

0.1930 

0.1470 

0.04  30 

0.0390 

0.0390 

1! 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.4350 

0.4920 

0.1770 

0.1330 

0.0390 

0.0390 

0.0390 

28 

0.0270 

0.0330 

0.03  30 

0.0330 

0.0330 

0.4520 

0.6260 

0.1620 

0.1120 

0.0390 

0.0360 

0.0390 

"1 

0.0270 

0.0330 

0.0  1  in 

0.0  130 



0.4700 

0.8960 

0.1550 

0.1060 

0.0390 

0.0330 

0.0390 

10 

0.0270 

0.0330 

0.0330 

0.0330 



0.4870 

1.2240 

0.1620 

0.0930 

0.0390 

0.0330 

0.0390 

0.0300 



0.0330 

0.0330 



0.5050 



0.1470 



0.0390 

0.0330 



ite,      1 

0.0290 

0.0340 

0.0330 

0.0330 

0.0330 

0.2460 

0.6850 

0.8070 

0.5240 

0.0550 

0.0420 

0.0360 

0.188 

0.211 

0.214 

0.214 

0.193 

1.592 

4.291 

5.221 

3.280 

0.357 

0.275 

0.223 

annua]    rate: 
rota]     innua]    yield : 
Peak    ! low: 


0.2130   cfs 
16.071    area    Lnchei 
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HOLLINCSWORTH   CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1 945-SEPTEMBER   194b. 


1 

0.0390 

0.0360 

0.0330 

0.0330 

0.0330 

0.0440 

0.2090 

0.5140 

0.4i>4U 

0.0430 

0.0270 

0.0270 

2 

0.0390 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.1620 

0.4300 

0.4190 

0.0430 

0.0270 

0.0270 

3 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.1190 

0.4500 

0.4300 

0.0390 

0.0270 

0.0240 

4 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.1930 

0.4500 

0.3700 

0.0390 

0.0270 

0.0230 

5 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.3220 

0.4300 

0.3310 

0.0390 

0.0270 

0.0230 

6 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.3700 

0.3500 

0.2940 

0.0390 

0.0270 

0.0230 

7 

0.0360 

0.0360 

0.0330 

0.0330 

0.0330 

0.0600 

0.3500 

0.2770 

0.2590 

0.0360 

0.0270 

0.0230 

8 

0.0360 

0.0360 

0.0330 

0.0330 

0.0330 

0.0750 

0.2940 

0.2590 

0.2090 

0.0300 

0.0270 

0.0230 

9 

0.0360 

0.0360 

0.0330 

0.0330 

0.0330 

0.0890 

0.2680 

0.2090 

0.1850 

0.0270 

0.0270 

0.0230 

10 

0.0360 

0.0420 

0.0330 

0.0330 

0.0330 

0.1030 

0.2420 

0.1930 

0.1770 

0.0300 

0.0270 

0.0220 

11 

0.0430 

0.0390 

0.0330 

0.0330 

0.0330 

0.1180 

0.3500 

0.1540 

0.1620 

0.0300 

0.0270 

0.0220 

12 

0.0390 

0.0360 

0.0330 

0.0330 

0.0330 

0.1320 

0.5580 

0.1190 

0.1330 

0.0300 

0.0270 

0.0220 

13 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.1460 

0.8060 

0.1060 

0.1260 

0.0270 

0.0270 

0.0220 

14 

0.0360 

0.0360 

0.0330 

0.0330 

0.0330 

0.1600 

0.9480 

0.1060 

0.1130 

0.0270 

0.0270 

0.0230 

15 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.1750 

1.1390 

0.0930 

0.1060 

0.0270 

0.0330 

0.0230 

16 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.1890 

1.3130 

0.0830 

0.0830 

0.0270 

0.0310 

0.0240 

17 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2030 

1.4600 

0.0830 

0.0830 

0.0270 

0.0310 

0.0240 

18 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2180 

1.7730 

0.0800 

0.0830 

0.0270 

0.0310 

0.0240 

l'( 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2320 

1.8060 

0.0760 

0.0680 

0.0270 

0.0310 

0.0240 

20 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2460 

1.6770 

0.0800 

0.0600 

0.0270 

0.0310 

0.0240 

21 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2600 

1.4900 

0.0800 

0.0530 

0.0270 

0.0270 

0.0240 

22 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2750 

1.2810 

0.0760 

0.0430 

0.0270 

0.0260 

0.0240 

23 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2890 

1.2240 

0.0880 

0.0460 

0.0270 

0.0260 

0.0240 

24 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.3030 

1.2240 

0.0720 

0.0530 

0.0270 

0.0260 

0.0240 

25 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.3130 

1.2240 

0.0640 

0.0460 

0.0270 

0.0260 

0.0240 

26 

0.0360 

0.0330 

0.0330 

0.0330 

0.0360 

0.3320 

1.2100 

0.0600 

0.0460 

0.0270 

0.0260 

0.0240 

27 

0.0360 

0.0330 

0.0330 

0.0330 

0.0390 

0.3460 

1.1110 

0.0680 

0.0460 

0.0270 

0.0260 

0.0240 

28 

0.0360 

0.0330 

0.0330 

0.0330 

0.0420 

0.3890 

0.9750 

0.3030 

0.0460 

0.0270 

0.0260 

0.0240 

29 

0.0330 

0.0330 

0.0330 

0.0330 



0.3700 

0.8440 

0.2770 

0.0430 

0.0270 

0.0260 

0.0240 

(ii 

0.0330 

0.0330 

0.0330 

0.0330 



0.3220 

0.6490 

0.3310 

0.0430 

0.0270 

0.0260 

0.0240 

31 

0.0360 



0.0330 

0.0330 



0.2680 



0.3890 



0.0270 

0.0260 



Avera 

?e  rate,  cfs 

0.0360 

0.0340 

0.0330 

0.0330 

0.0340 

0.1900 

0.8530 

0.2050 

0.1520 

0.0300 

0.0270 

0.0240 

Total 

yield,  inches 

0.235 

0.214 

0.214 

0.214 

0.197 

1.230 

5.343 

1.328 

0.953 

0.196 

0.178 

0.148 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


0.1380   cfs. 
10.446   area    inches 


HOLLINCSWORTH   CREEK   DISCHARGE,    CUBIC    FEET   PER    SECOND,    OCTOBER    1946-SEPTEMBER    1947. 


1 

0.0460 

0.0300 

0.0300 

0.0300 

0.0300 

0.0410 

0.4920 

1.0560 

0.1190 

0.0430 

0.0270 

0.0270 

2 

0.0330 

0.0300 

0.0300 

0.0300 

0.0300 

0.0520 

0.4820 

1.1390 

0.1060 

0.0390 

0.0260 

0.0270 

3 

0.0330 

0.0300 

0.0300 

0.0300 

0.0300 

0.0630 

0.4500 

1.1950 

0.1060 

0.0360 

0.0260 

0.0270 

4 

0.0330 

0.0300 

0.0300 

0.0300 

0.0300 

0.0740 

0.3700 

1.1110 

0.0880 

0.0360 

0.0270 

0.0270 

5 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.0840 

0.3130 

0.9350 

0.0830 

0.0330 

0.0270 

0.0270 

6 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.0950 

0.4600 

0.7940 

0.0800 

0.0330 

0.0300 

0.0270 

7 

0.0280 

0.0300 

0.0300 

0.0300 

0.0300 

0.1060 

0.6070 

0.6490 

U.IIf.HI.I 

0.0330 

0.0270 

0.0270 

8 

0.0280 

0.0300 

0.0300 

0.0300 

0.0300 

0.1170 

0.7540 

0.5030 

0.0830 

0.0330 

0.0300 

0.0270 

9 

0.0240 

0.0300 

0.0300 

0.0300 

0.0300 

0.1280 

0.9010 

0.3700 

0.0930 

0.0330 

0.0270 

0.0270 

10 

0.0240 

0.0300 

0.0300 

0.0300 

0.0300 

0.1390 

1.0480 

0.3130 

0.0800 

0.0270 

0.0530 

0.0270 

11 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.1500 

1.1950 

0.2940 

0.0930 

0.0270 

0.0390 

0.0270 

12 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.1610 

1.1730 

0.3130 

0.1620 

0.0270 

0.0360 

0.0270 

13 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.1710 

1.1500 

0.4190 

0.1850 

0.0270 

0.0360 

0.0270 

14 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.1820 

1.1280 

0.3990 

0.1550 

0.0270 

0.0330 

0.0270 

is 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.1930 

1.1050 

0.3990 

0.1400 

0.0270 

0.0330 

0.0270 

16 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.2040 

1.0830 

0.3800 

0.1330 

0.0270 

0.0300 

0.0270 

17 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.2150 

1.1110 

0.3500 

0.1190 

0.0270 

0.0300 

0.0270 

18 

0.0240 

0.0300 

0.0300 

0.0300 

0.0300 

0.2260 

0.9750 

0.3220 

0.1120 

0.0270 

0.0300 

0.0270 

19 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.2370 

0.8440 

0.2770 

0.1000 

0.0270 

0.0270 

0.0270 

20 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.2480 

0.8960 

0.2420 

0.1190 

0.0270 

0.0270 

0.0270 

21 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.2580 

0.9630 

0.2090 

0.1120 

0.0270 

0.0270 

0.0270 

22 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.2690 

0.8440 

0.2010 

0.1060 

0.0300 

0.0270 

0.0270 

23 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.2800 

0.7440 

0.1850 

0.0800 

0.0330 

0.0270 

0.0270 

24 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.2910 

0.6730 

0.1550 

0.0640 

0.0330 

0.0270 

0.0270 

25 

0.0210 

0.0300 

0.0300 

0.0300 

0.0300 

0.3020 

0.6260 

0.1330 

0.0600 

0.0330 

0.0270 

0.0270 

26 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.3130 

0.6490 

0.1260 

0.0570 

0.0300 

0.0270 

0.0270 

27 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.3130 

0.7440 

0.1260 

0.0600 

0.0300 

0.0390 

0.0270 

28 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.3890 

0.7690 

0.1260 

0.0600 

0.0300 

0.0330 

0.0270 

29 

0.0270 

0.0300 

0.0300 

0.0300 



0.5140 

0 .  Hi  i60 

0.1260 

0.0530 

0.0270 

0.0270 

0.0300 

30 

0.0270 

0.0300 

0.0300 

0.0300 



0.5690 

0.9480 

0.1260 

0.0500 

0.0270 

0.0270 

0.0330 

31 

0.0270 



0.0300 

0.0300 



0.5360 



0.1260 



0.0260 

0.0270 



Avera 

>e  rate,  cfs 

0.0260 

0.0300 

0.0300 

0.0300 

0.0300 

0.2230 

0.8100 

0.4230 

0.0980 

0.0300 

0.0300 

0.0270 

Total 

yield,  inches 

0.168 

0.188 

0.194 

0.194 

0.175 

1.445 

5.074 

2.735 

0.611 

0.197 

0.195 

0.171 

Average   annual   rate: 
Total   annual   yield: 
Peak   flow: 


0.1490  cfs. 
11.347   area   inches 


45 


HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194 7-SEPTEMBER  194b. 


1 

0.0330 

0.0300 

0.0300 

0.0300 

0.0300 

0.0400 

0.3630 

0.6750 

0.3130 

0.0760 

0.0270 

0.0270 

.' 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.0510 

0.3730 

0.6850 

0.3130 

0.0760 

0.0270 

0.0270 

'■ 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.0610 

0.3840 

0.6960 

0.2770 

0.0720 

0.0270 

0.0270 

4 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.0720 

0.3940 

0.8060 

0.2340 

0.0680 

0.0390 

0.0270 

5 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.0820 

0.4040 

0.9350 

0.2090 

0.0680 

0.0430 

0.0270 

h 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.0920 

0.4150 

1.2100 

0.1620 

0.0600 

0.0390 

0.0270 

7 

0.0270 

0.0300 

0.0300 

0.0300 

0.0300 

0.1030 

0.4250 

1.5050 

0.1400 

0.0530 

0.0360 

0.0270 

8 

0.0330 

0.0300 

0.0300 

0.0300 

0.0300 

0.1130 

0.4360 

1.2810 

0.1260 

0.0460 

0.0360 

0.0240 

<< 

0.0330 

0.0300 

0.0300 

0.0300 

0.0300 

0.1240 

0.4460 

0.9220 

0.1120 

0.0430 

0.0330 

0.0270 

m 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1340 

0.4560 

0.7200 

0.0930 

0.0390 

0.0330 

0.0270 

1  1 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1440 

0.4670 

0.6490 

0.0830 

0.0390 

0.0330 

0.0270 

1J 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1550 

0.4770 

0.8190 

0.0830 

0.0390 

0.0330 

0.0270 

13 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1650 

0.4870 

1.0560 

0.0800 

0.0430 

0.0330 

0.0270 

L4 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1760 

0.4980 

1.5210 

0.0680 

0.0530 

0.0330 

0.0270 

L5 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1860 

0.5080 

1.7910 

0.0630 

0.0440 

0.0330 

0.0300 

16 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1960 

0.5190 

2.0610 

0.0570 

0.0390 

0.0330 

0.0330 

1/ 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2070 

0.5290 

2.3310 

0.0600 

0.0390 

0.0330 

0.0330 

1  K 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2170 

0.5400 

2.6010 

0.0500 

0.0390 

0.0330 

0.0390 

I'l 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2280 

0.5500 

2.1000 

0.0460 

0.0430 

0.0330 

0.0430 

Jo 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2380 

0.5600 

1.5980 

0.0600 

0.0460 

0.0330 

0.0360 

2] 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2480 

0.5710 

1.3700 

0.2090 

0.0390 

0.0330 

0.0320 

22 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2590 

0.5810 

1.1950 

0.1770 

0.0360 

0.0330 

0.0320 

23 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2690 

0.5920 

1.0280 

0.1620 

0.0330 

0.0330 

0.0320 

24 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2800 

0.6020 

0.8960 

0.1330 

0.0330 

0.0330 

0.0300 

25 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.2900 

0.6120 

0.8190 

0.1190 

0.0330 

0.0320 

0.0300 

26 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.3000 

0.6230 

0.7690 

0.1060 

0.0330 

0.0320 

0.0300 

27 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.3110 

0.6330 

0.6960 

0.0930 

0.0330 

0.0320 

0.0300 

:\k 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.3210 

0.6440 

0.5800 

0.0880 

0.0330 

0.0320 

0.0310 

29 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.3320 

0.6540 

0.4920 

0.0830 

0.0330 

0.0320 

0.0300 

in 

0.0300 

0.0300 

0.0300 

0.0300 



0.3420 

0.6640 

0.3990 

0.0760 

0.0300 

0.0320 

0.0270 

31 

0.0300 



0.0300 

0.0300 



0.3520 



0.3310 



0.0270 

0.0320 



Averag 

e  rate  cfs 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.1960 

0.5140 

1.1140 

0.1290 

0.0450 

0.0330 

0.0300 

Total 

yield,    inches 

0.192 

0.188 

0.194 

0.194 

0.182 

1.271 

3.217 

7.211 

0.809 

0.290 

0.214 

0.186 

Average  annual  rate:   0.1840  cfs. 
Total  annual  yield:   14.148  area  inches 
Peak  flow: 


HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1948-SEPTEMBER  1949. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY     JUNE     JUI 


1 

.' 
3 
4 

r) 

i. 
7 
8 

■' 
In 

11 
12 
I  I 
14 
15 

L6 

17 
18 

I'i 
.'ii 

21 

J  2 
23 

.'■'. 

25 

27 
28 

J 'I 
III 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.0270 

0.0360 

0.0330 

0.0330 

0.0330 

0.0610 

0.9260 

0.7940 

0.3600 

0.0270 

0.0460 

0.0330 

0.0330 

0.0330 

0.0890 

0.9540 

0.8190 

0.3030 

0.0270 

0.0390 

0.0330 

0.0330 

0.0330 

0.1170 

0.9820 

0.9750 

0.2680 

0.0270 

0.0330 

0.0330 

0.0330 

0.0330 

0.1450 

1.0100 

0.9220 

0.2420 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.1720 

1.0370 

0.6960 

0.2250 

0.0390 

0.0330 

0.0330 

0.0330 

0.0330 

0.2000 

1.0650 

0.4710 

0.2010 

0.0390 

0.0330 

0.0330 

0.0330 

0.0330 

0.2280 

1.0930 

0.4300 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.2560 

1.1210 

0.4090 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.2840 

1.1490 

0.5140 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3120 

1.1770 

0.6260 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3400 

1.2050 

0.6260 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3680 

1.2330 

0.5800 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3960 

1.2610 

0.5800 

0.0460 

0.0330 

0.0330 

0.0330 

0.0330 

0.4240 

1.2880 

0.5800 

0.0600 

0.0330 

0.0330 

0.0330 

0.0330 

0.4520 

1.3160 

0.5140 

0.0390 

0.0330 

0.0330 

0.0330 

0.0330 

0.4790 

1.3440 

0.4300 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.5070 

1.3720 

0.8960 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.5350 

1.4000 

0.9220 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.5630 

1.5830 

0.8960 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.5910 

1.4290 

0.9750 

0.0360 

0.0330 

0.0330 

0.0330 

0.0330 

0.6190 

1.4000 

1.2520 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.6470 

1.5830 

1.3700 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.6750 

1.6450 

1.2810 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.7030 

1.6770 

1.0830 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.7300 

1.6140 

0.9350 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.7580 

1.4900 

0.7940 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.7860 

1.4000 

0.6730 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.8140 

1.3550 

0.5580 

0.0390 

0.0330 

0.0330 

0.0330 



0.8420 

1.2240 

0.4600 

0.0390 

0.0330 

0.0330 

0.0330 



0.8700 

0.9350 

0.3890 

0.0360 



0.0330 

0.0330 



0.8980 



0.3600 

0.0350 

0.0340 

0.0330 

0.0330 

0.0330 

0.4790 

1.2800 

0.7360 

0.228 

0.211 

0.214 

0.214 

0.193 

3.103 

7.990 

4.762 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


46 


DAY 

1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

24 
25 

26 
27 

JH 

29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1955-SEPTEMBER  1956. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUNE     JULY 


0.2670 

0.2940 

0.1260 

0.0330 

0.0270 

0.0210 

0.2250 

0.3220 

0.1190 

0.0330 

0.0270 

0.0210 

0.1695 

0.3600 

0.1190 

0.0330 

0.0270 

0.0210 

0.1545 

0.3890 

0.1190 

0.0330 

0.0270 

0.0210 

0.1470 

0.3890 

0.1125 

0.0330 

0.0270 

0.0210 

0.1400 

0.3500 

0.1060 

0.0330 

0.0270 

0.0210 

0.1400 

0.3130 

0.0720 

0.0300 

0.0270 

0.0270 

0.1470 

0.2680 

0.0460 

0.0300 

0.0270 

0.0270 

0.1850 

0.2335 

0.0442 

0.0300 

0.0270 

0.0270 

0.2680 

0.2505 

0.0423 

0.0270 

0.0270 

0.0270 

0.3310 

0.2335 

0.0404 

0.0270 

0.0270 

0.0270 

0.3500 

0.2090 

0.0386 

0.0270 

0.0270 

0.0270 

0.3700 

0.1930 

0.0368 

0.0270 

0.0270 

0.0270 

0.3310 

0.2090 

0.0349 

0.0270 

0.0270 

0.0270 

0.3700 

0.3890 

0.0330 

0.0270 

0.0270 

0.0270 

0.3890 

0.5800 

0.0330 

0.0270 

0.0270 

0.0270 

0.4300 

0.6610 

0.0330 

0.0270 

0.0270 

0.0270 

0.5250 

0.7080 

0.0330 

0.0270 

0.0270 

0.0270 

0.5690 

0.6960 

0.0330 

0.0270 

0.0270 

0.0270 

0.6490 

0.6260 

0.0330 

0.0270 

0.0270 

0.0270 

0.7080 

0.5360 

0.0330 

0.0270 

0.0240 

0.0270 

0.7565 

0.4500 

0.0330 

0.0270 

0.0240 

0.0270 

0.7690 

0.3500 

0.0300 

0.0270 

0.0240 

0.0270 

0.6960 

0.2940 

0.0270 

0.0270 

0.0210 

0.0270 

0.6030 

0.2170 

0.0270 

0.0270 

0.0210 

0.0270 

0.5690 

0.1930 

0.0270 

0.0270 

0.0210 

0.0270 

0.5140 

0.1930 

0.0270 

0.0270 

0.0210 

0.0270 

0.4500 

0.1770 

0.0270 

0.0300 

0.0210 

0.0270 

0.3795 

0.1545 

0.0300 

0.0270 

0.0210 

0.0270 

0.3600 

0.3310 

0.1400 

0.0300 

0.0.  '7ll 

0.0210 

0.0270 

0.3080 



0.1330 



0.0270 

0.0210 



0.3978 

0.3391 

0.0515 

0.0285 

0.0252 

0.0258 

2.491 

2.195 

0.323 

0.185 

0.163 

0.162 

HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1956-SEPTEMBER  1957. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY     JUNE     JULY 


1 

0.0270 

0.0300 

0.0270 

0.0270 

0.0270 

0.04  30 

0.1060 

0.6960 

1.0280 

0.1000 

0.0360 

0.0290 

2 

0.0270 

0.0300 

0.0270 

0.0270 

0.0270 

0.0430 

0.1000 

0.9090 

0.8190 

0.0930 

0.0330 

0.0280 

3 

0.0270 

0.0310 

0.0270 

0.0270 

0.0270 

0.04  30 

0.0930 

1.0280 

0.6490 

0.0880 

0.0330 

0.0280 

4 

0.0270 

0.0320 

0.0270 

0.0270 

0.0270 

0.0390 

0.0830 

1.1390 

0.5360 

0.0880 

0.0330 

0.0270 

5 

0.0270 

0.0320 

0.0300 

0.0270 

0.0270 

0.0390 

0.1060 

1.2670 

0.5140 

0.0800 

0.0300 

0.0270 

6 

0.0240 

0.0330 

0.0300 

0.0270 

0.0270 

0.0390 

0.1330 

1.4750 

0.4500 

0.0800 

0.0300 

0.0270 

7 

0.0240 

0.0330 

0.0270 

0.0270 

0.0270 

0.0390 

0.1330 

1.6450 

0.3600 

0.0760 

0.0300 

0.0270 

8 

0.0240 

0.0320 

0.0270 

0.0270 

0.0270 

0.0600 

0.1260 

1.6450 

0.2940 

0.0720 

0.0300 

0.0270 

9 

0.0240 

0.0320 

0.0270 

0.0270 

0.0270 

0.0800 

0.1490 

1.5210 

0.3130 

0.0680 

0.0300 

0.0270 

10 

0.0210 

0.0310 

0.0270 

0.0270 

0.0270 

0.0830 

0.2090 

1.3700 

0.3040 

0.0800 

0.0270 

0.0270 

11 

0.0240 

0.0300 

0.0390 

0.0270 

0.0270 

0.0800 

0.2640 

1.1110 

0.2680 

0.0800 

0.0330 

0.0270 

12 

0.0300 

0.0300 

0.0270 

0.0270 

0.0270 

0.0760 

0.3270 

0.8440 

0.2340 

0.0680 

0.0330 

0.0270 

13 

0.0300 

0.0290 

0.0270 

0.0270 

0.0270 

0.0760 

0.3890 

0.8190 

0.2420 

0.0600 

0.0330 

0.0270 

14 

0.0300 

0.0280 

0.0270 

0.0270 

0.0270 

0.0600 

0.3410 

0.9750 

0.2340 

0.0530 

0.0300 

0.0270 

15 

0.0300 

0.0280 

0.0270 

0.0270 

0.0270 

0.0530 

0.3130 

1.0010 

0.2340 

0.0460 

0.0300 

0.0270 

16 

0.0300 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

0.3040 

1.0010 

0.2680 

0.0460 

0.0330 

0.0270 

17 

0.0300 

0.0270 

0.0270 

0.0270 

0.0270 

0.0460 

0.3310 

0.9620 

0.3040 

0.0460 

0.0300 

0.0270 

18 

0.0300 

0.0270 

0.0270 

0.0270 

0.0330 

0.0460 

0.2860 

0.9620 

0.3310 

0.0460 

0.0270 

0.0330 

19 

0.0300 

0.0270 

0.0270 

0.0270 

0.0330 

0.0530 

0.1900 

1.2970 

0.3310 

0.0420 

0.0270 

0.0330 

20 

0.0300 

0.0270 

0.0270 

0.0270 

0.0330 

0.0680 

0.1470 

1.2240 

0.3310 

0.0360 

0.0270 

0.0330 

21 

0.0300 

0.0270 

0.0270 

0.0270 

0.0330 

0.0800 

0.1470 

0.9750 

0.3040 

0.0330 

0.0300 

0.0330 

22 

0.0300 

0.0270 

0.0270 

0.0270 

0.0390 

0.0800 

0.1770 

0.8440 

0.2250 

0.0300 

0.0330 

0.0330 

23 

0.0300 

0.0270 

0.0270 

0.0270 

0.0390 

0.0720 

0.2510 

0.7940 

0.1930 

0.0270 

0.0320 

0.0300 

24 

0.0300 

0.0270 

0.0270 

0.0270 

0.0390 

0.0680 

0.2250 

0.9220 

0.17  70 

0.0270 

0.0320 

0.0300 

25 

0.0300 

0.0270 

0.0270 

0.0270 

0.0430 

0.0600 

0.2090 

1.3700 

0.1470 

0.0390 

0.0320 

0.0270 

26 

0.0270 

0.0270 

0.0270 

0.0270 

0.0390 

0.0530 

0.2010 

1.8710 

0.1400 

0.0390 

0.0310 

0.0270 

27 

0.0280 

0.0270 

0.0270 

0.0270 

0.04  30 

0.0600 

0.2590 

2.1400 

0.1330 

0.0360 

0.0310 

0.0270 

28 

0.0280 

0.0270 

0.0270 

0.0270 

0.0390 

0.0680 

0.3890 

2.1570 

0.1190 

0.0330 

0.0300 

0.0270 

29 

0.0280 

0.0270 

0.0270 

0.0270 



0.0760 

0.5030 

1.8710 

0.1120 

0.0330 

0.0300 

0.0270 

30 

0.0290 

0.0270 

0.0270 

0.0270 



0.0880 

0.5470 

1.5060 

0.1060 

0.0300 

0.0300 

0.0270 

31 

0.0300 



0.0270 

0.0270 



0.1000 



1.2240 



0.0360 

0.0290 



Average  rate,  cfs 

0.0280 

0.0290 

0.0280 

0.0270 

0.0310 

0.0620 

0.2340 

1.2440 

0.3230 

0.0550 

0.0310 

0.0280 

Total  yield,  inches 

0.181 

0.181 

0.178 

0.175 

0.182 

0.399 

1.469 

8.052 

2.025 

0.357 

0.199 

0.178 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1767  cfs 
13.576  area  inches 
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HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1957-SEPTEMBER  1958. 


1 

0.0270 

0.0270 

0.0330 

0.0450 

0.0460 

0.0600 

0.0600 

0.9350 

0.2680 

0.0460 

0.0330 

0.0270 

2 

0.0300 

0.0270 

0.0330 

0.0460 

0.0460 

0.0600 

0.0590 

1.2240 

0.2170 

0.0390 

0.0330 

0.0270 

3 

0.0330 

0.0270 

0.0330 

0.0460 

0.0460 

0.0590 

0.0580 

1.5060 

0.1930 

0.0360 

0.0330 

0.0270 

4 

0.0330 

0.0270 

0.0330 

0.0460 

0.0460 

0.0590 

0.0570 

1.7570 

0.1620 

0.0390 

0.0330 

0.0270 

5 

0.  0330 

0.0270 

0.0330 

0.0460 

0.0460 

0.0590 

0.0560 

1.9870 

0.1330 

0.04  30 

0.0330 

0.0270 

6 

0.0330 

0.0270 

0.0330 

0.0460 

0.0460 

0.0580 

0.0550 

2.3310 

0.1400 

0.0430 

0.0330 

0.0270 

7 

0.0330 

0.0270 

0.0330 

0.0460 

0.0460 

0.0580 

0.0540 

2.6010 

0.1260 

0.0430 

0.0330 

0.0270 

H 

0.0330 

0.0330 

0.0330 

0.0460 

0.0460 

0.0580 

0.0530 

1.9870 

0.1190 

0.0390 

0.0330 

0.0270 

" 

0.0330 

0.0360 

0.0330 

0.0460 

0.0460 

0.0570 

0.0520 

1.8220 

0.1120 

0.0390 

0.0430 

0.0270 

If) 

0.0330 

0.0330 

0.0330 

0.0460 

0.0460 

0.0570 

0.0510 

2.1740 

0.1060 

0.0390 

0.04  30 

0.0270 

1  1 

0.  0330 

0.0300 

0.0360 

0.0460 

0.0460 

0.0570 

0.0600 

2.3670 

0.0930 

0.0390 

0.0390 

0.0270 

12 

0.0330 

0.0300 

0. 0390 

0.0480 

0.0460 

0.0560 

0.3230 

2.1400 

0.0930 

0.0430 

0.0330 

0.0270 

1  '. 

0.0330 

0.0300 

0.0420 

0.0460 

0.0460 

0.0560 

0.5870 

1.7410 

0.1060 

0.0430 

0.0330 

0.0330 

14 

0.0330 

0.0300 

0.0440 

0.0460 

0.0460 

0.0560 

0.8500 

1.4290 

0.1190 

0.0430 

0.0330 

0.0330 

L5 

0.0330 

0.0300 

0.0470 

0.0460 

0.0460 

0.0550 

1.1140 

1.3130 

0.1330 

0.0390 

0.0330 

0.0330 

16 

0.0330 

0.0300 

0.0500 

0.0460 

0.0500 

0.0550 

1.3770 

1.4600 

0.1120 

0.0390 

0.0330 

0.0300 

17 

0.0330 

0.0300 

0.0530 

0.0460 

0.0540 

0.0550 

1.6410 

1.8380 

0.1060 

0.0390 

0.0330 

0.0300 

L8 

0.0330 

0.0300 

0.0430 

0.0460 

0.0590 

0.0540 

1.9040 

1.9700 

0.0930 

0.0360 

0.0330 

0.0270 

19 

0.0330 

0.0310 

0.0390 

0.0460 

0.0830 

0.0570 

1.7080 

1.9370 

0.0830 

0.0360 

0.0330 

0.0270 

20 

0.0330 

0.0310 

0.0390 

0.0460 

0.0870 

0.0600 

1.5110 

1.7730 

0.0600 

0.0390 

0.0300 

0.0270 

Jl 

0.0330 

0.0310 

0.0360 

0.0460 

0.0720 

0.0630 

1.3150 

1.5680 

0.0600 

0.0390 

0.0270 

0.0270 

.!  ■' 

0.0330 

0.0320 

0.0330 

0.0460 

0.0760 

0.0660 

1.1180 

1,3130 

0.0640 

0.0390 

0.0270 

0.0270 

JJ 

0.0330 

0.0320 

0.0340 

0.0460 

0.0800 

0.0690 

0.9220 

1.1950 

0.0640 

0.0360 

0.0300 

0.0270 

J  4 

0.0330 

0.0320 

0.0360 

0.0460 

0.0770 

0.0680 

0.6260 

1.0010 

0.0640 

0.0330 

0.0300 

0.0270 

25 

0.0330 

0.0330 

0.0380 

0.0460 

0.0730 

0.0870 

0.4500 

0.8700 

0.0600 

0.0330 

0.0300 

0.0270 

Ji. 

0.0330 

0.0330 

0.0390 

0.0460 

0.0700 

0.0660 

0.3310 

0.7440 

0.0560 

0.0330 

0.0270 

0.0270 

27 

0.0330 

0.0330 

0.0400 

0.0460 

0.  0660 

0.0650 

0.3600 

0.5800 

0.0500 

0.0360 

0.0270 

0.0300 

28 

0.0330 

0.0330 

0.0410 

0.0460 

0.0630 

0.0640 

0.4  300 

0.4710 

0.0460 

0.0330 

0.0300 

0.0300 

29 

0.0330 

0.0330 

0.0420 

0.0460 



0.0630 

0.5140 

0.4300 

0.0460 

0.0360 

0.0270 

0.0300 

in 

0.0270 

0.0330 

0.0430 

0.0460 



0.0620 

0.7200 

0.3700 

0.0460 

0.0390 

0.0270 

0.0300 

31 

0.0270 



0.0440 

0.0460 



0.0610 



0.3130 



0.0330 

0.0270 



Average   rate,    cfs 

0.0320 

0.0310 

0.0380 

0.0460 

0.0560 

0.0600 

0.6140 

1.4560 

i.  1040 

0.0380 

0.0320 

0.0280 

Total 

yield,    inches 

0.209 

0.192 

0.248 

0.298 

0.326 

0.389 

3.845 

9.426 

0.654 

0.248 

0.207 

0.177 

Average  annual  rate: 
Total  annual  yield: 
Peak,  flow: 


0.2110  cfs 
16.219  area  inches 


HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND  OCTOBER  1958-SEPTEMBER  1959. 


] 

0.0300 

0.0320 

2 

0.0300 

0.0320 

i 

0.0300 

0.0320 

-'. 

0.0300 

0.0320 

5 

0.0300 

0.0320 

6 

0.0300 

0.0320 

7 

0.0300 

0.0320 

8 

0.0300 

0.0320 

" 

0.0300 

0.0320 

10 

0.0300 

0.0320 

11 

0.0300 

0.0320 

12 

0.0300 

0.0320 

1  1 

0.0300 

0.0330 

14 

0.0300 

0.0330 

L5 

0.0300 

0.0330 

16 

0.0310 

0.0330 

17 

0.0310 

0.0330 

IK 

0.0310 

0.0330 

19 

0.0310 

0.0330 

20 

0.0310 

2] 

0.0310 

22 

0.0310 

23 

0.0  111! 

24 

0.0310 

25 

0.0310 

'. 

0.0310 

27 

0.0310 

28 

0.0310 

0.0310 

30 

0.0320 

;i 

0.0320 

0.0310 

. 

0.198 

0.0530 

0.0330 

0.0270 

0.0270 

0.0530 

0.0330 

0.0270 

0.0270 

0.0530 

0.0330 

0.0270 

0.0270 

0.0530 

0.0330 

0.0270 

0.0270 

0.05  30 

0.0300 

0.0270 

0.0270 

0.0530 

0.0270 

0.0270 

0.0270 

0.0530 

0.0270 

0.0270 

0.0270 

0.0530 

0.0270 

0.0270 

0.0270 

0.0500 

0.0270 

0.0270 

0.0270 

0.0500 

0.0270 

0.0270 

0.0270 

0.0500 

0.0270 

0.0300 

0.0270 

0.0500 

0.0270 

0.0330 

0.0270 

0.0460 

0.0270 

0.0330 

0.0270 

0.0460 

0.0270 

0.0300 

0.0270 

0.0500 

0.0270 

0.0270 

0.0330 

0.0500 

0.0270 

0.0270 

0.0300 

0.0460 

0.0270 

0.0270 

0.0330 

0.0460 

0.0270 

0.0300 

0.0300 

0.0460 

0.0270 

0.0330 

0.0390 

0.0390 

0.0270 

0.0330 

0.0330 

0.0330 

0.0270 

0.0270 

0.0330 

0.0300 

0.0270 

0.0270 

0.0300 

0.0270 

0.0270 

0.0270 

0.0300 

0.0270 

0.0270 

0.0270 

0.0300 

0.0270 

0.0270 

0.0270 

0.0500 

0.0300 

0.0270 

0.0270 

0.0460 

0.0330 

0.0270 

0.0270 

0.0460 

0.0390 

0.0270 

0.0270 

0.0430 

0.0330 

0.0270 

0.0270 

0.0390 

0.0330 

0.0270 

0.0270 

0.0360 



0.0270 

0.0270 



1.3050 

0.0280 

0.0280 

0.0320 

0.273 

0.180 

0.182 

0.200 

Average  annual  rat  <■  : 
Tot  i ]  annual  yield : 
Peak  flow: 
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HOLLINGSWORTH  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1960  -  NOVEMBER  1960 
OCT       NOV 


1  0.0330  0.0330 

2  0.0330  0.0330 

3  0.0330 

4  0.0300 

5  0.0270 

6  0.0270 

7  0.0270 

8  0.0330 

9  0.0390 

10  0.0390 

11  0.0390 

12  0.0390 

13  0.0330 

14  0.0330 

15  0.0330 

16  0.0330 

17  0.0330 

18  0.0330 

19  0.0330 

20  0.0330 

21  0.0330 

22  0.0330 

23  0.0330 

24  0.0330 

25  0.0330 

26  0.0330 

27  0.0330 
-*  0.0330 

29  0.0330 

30  0.0330 

31  0.0330 

Average  rate  cfs  0.0310 
Total  yield,  inches   0.199 
Peak  flow: 
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Morris 

Morris  Creek  forms  the  first  prominent  north-facing 
drainage  encountered  while  proceeding  up  Farmington 
Canyon.  The  elevation  ranges  from  6,120  feet  at  the  90° 
V-notch  weir  to  8,307  feet  at  the  crest  of  the  drainage. 
This  watershed  has  an  unusual  diamond  shape,  being 
almost  as  narrow  at  the  top  as  at  the  bottom  (fig.  8). 
Streamflow  data  have  been  gathered  for  31  years,  from 
1936  through  1966. 

Morris  Creek  is  entirely  underlain  by  the  Farmington 
Canyon  Complex  of  metamorphosed  gneisses  and  schists 
of  Precambrian  origin.  This  metamorphic  complex  has 
undergone  many  thousands  of  feet  of  uplift,  most  of 
which  occurred  during  Eocene  and  Quaternary  times. 
The  watershed  is  largely  on  an  upward  thrust  block  with 
the  fault  across  the  lower  boundary  (Bell  1952).  Typical 
of  the  lower  Farmington  Canyon  drainages,  the  lower 
portion  of  the  watershed  is  crisscrossed  by  outcrops  of 
gneiss  and  greenschists;  the  upper  slopes  are  more  gen- 
tle with  few  bare  rock  outcrops.  The  medium-textured 
soils  largely  have  developed  in  place,  varying  in  depth 
with  slope  position. 

In  sharp  contrast  to  the  south-facing  watersheds,  this 
and  the  other  north-facing  Farmington  Canyon 


tributaries  are  largely  forested.  The  predominant  tree 
species  are  white  fir  (Abies  concolor),  subalpine  fir  (A 
lasiocarpa),  and  aspen.  The  lower  third  of  the  watershed 
has  a  large  component  of  Gambel  oak,  snowbrush, 
snowberry,  and  ninebark  (Physocarpus  malvaceus).  At 
the  uppermost  portion  of  the  drainage,  grasses  become 
more  common  (Bromus  and  Stipa  spp.  and  Agropyron 
pauciflorum).  Sagebrush  is  also  found  on  these  upper, 
more  gentle  slopes. 

Morris  Creek,  because  of  its  steep  slopes  and  relative 
inaccessibility,  was  spared  much  of  the  abuse  wrought 
upon  the  other  watershed  lands  during  the  period  of 
overgrazing  and  exploitation.  Protection  since  1937  has 
restored  the  limited  damage  done  to  the  headwater  areas 
through  overgrazing.  No  contour  trenches  were  used 
here.  Surveys  of  vegetation  and  soil  erosion 
characteristics  in  1939  and  again  in  1953  (Peterson  1954) 
indicate  that  the  remainder  of  the  drainage  was  not 
heavily  grazed,  burned,  or  logged.  The  entire  167-acre 
drainage  was  set  aside  as  a  Research  Natural  Area  in 
1973.  More  than  40  years  of  protection  have  returned 
this  relatively  untrammeled  watershed  to  near  pristine 
conditions. 


GAGING  STATION 


7400 


MORRIS  CREEK 


Figure  8.— Topographic  map  of  Morris  Creek 
watershed. 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1935-SEPTEMBER  1936. 


1 

0.0488 

0.0566 

2 

0.0486 

0.0566 

3 

0.0486 

0.0566 

4 

0.0486 

0.0566 

5 

0.0486 

0.0566 

6 

0.0486 

0.0566 

7 

0.0486 

0.0566 

8 

0.0486 

0.0566 

9 

0.0486 

0.0566 

10 

0.0486 

0.0566 

11 

0.0480 

0.0566 

12 

0.0480 

0.0566 

13 

0.0183 

0.0492 

14 

0.0478 

0.0496 

15 

0.0480 

0.0500 

16 

0.0480 

0.0505 

17 

0.0514 

0.0509 

18 

0.0635 

0.0509 

19 

0.0625 

0.0509 

20 

0.0560 

0.0509 

21 

0.0583 

0.0509 

22 

0.0566 

0.0509 

23 

0.0550 

0.0509 

24 

0.0535 

0.0509 

25 

0.0535 

0.0509 

26 

0.0535 

0.0509 

27 

0.0535 

0.0501 

28 

0.0535 

0.0566 

29 

0.0518 

0.0566 

30 

0.0498 

0.0566 

31 



0.0566 

Average   rate,    cfs 

0.0507 

Total  yield,    inches 

0.224 

0.9528 

0.5228 

0.1927 

0.1762 

0.1441 

1.0316 

0.5079 

0.1873 

0.1772 

0.1401 

1.0653 

0.4858 

0.1780 

0.1734 

0.1401 

1.0991 

0.4646 

0.1742 

0.1691 

0.1487 

1.1329 

0.4516 

0.1742 

0.1661 

0.1520 

1.1666 

0.4264 

0.1742 

0.1641 

0.1429 

1.2004 

0.3965 

0. 1751 

0.1665 

0.1414 

1.2342 

0.3791 

0.1941 

0.1682 

0.1385 

1.1678 

0.3641 

0.1883 

0.1712 

0.1401 

1.1838 

0.349  7 

0.2245 

0.1741 

0.1401 

1.2376 

0.3337 

0.2122 

0.1751 

0.1401 

1.2883 

0.3070 

0.2088 

0.1809 

0.1401 

1.3721 

0.2995 

0.2054 

0.1888 

0.1401 

1.3311 

0.2943 

0.2008 

0.2028 

0.1401 

1.4274 

0.2933 

0.1982 

0.1801 

0.1401 

0 

9548 

1.3960 

0.2953 

0.2037 

0.1766 

0.1401 

0 

9658 

1.3350 

0.2963 

0.2182 

0.1741 

0.  1397 

0 

9658 

1.2917 

0.2963 

0.2121 

0.1633 

0.1341 

0 

9658 

1.2403 

0.2923 

0.2009 

0.1601 

0.1311 

u 

9658 

1.1414 

0.2806 

0.1813 

0.1631 

0.1291 

0 

9658 

1.0685 

0.2667 

0.1682 

0.1631 

0.1291 

1 

0032 

1.0291 

0.2515 

0.1641 

0.1605 

0.1291 

1 

0406 

0.9418 

0.2419 

0.1581 

0.1571 

0.1291 

1 

0780 

0.8950 

0.2302 

0.1561 

0.1581 

0.1346 

1 

0802 

0.8316 

0.2191 

0.1567 

0.1611 

0.1374 

1 

.0739 

0.7987 

0.2147 

0.1641 

0.1631 

0.1292 

1 

0417 

0.7702 

0.2061 

0.1621 

0.1621 

0.1257 

1 

.0125 

0.7125 

0.2160 

0.1873 

0.1607 

0.1250 

0 

9764 

0.6462 

0.2116 

0.1762 

0.1591 

0.1222 

0 

.9426 

0.6019 

0.2008 

0.1787 

0.1548 

0.1280 



0.5938 



0.2088 

0.1555 



1.0704 

0.3198 

0.1866 

0.1686 

0.1364 

4.730 

1.368 

0.825 

0.745 

0.583 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1936-SEPTEMBER  1937. 


1 

0.1311 

0.1327 

0.1201 

0.  1 

186 

0.1186 

0.1617 

0.1494 

0.3130 

0.8247 

0.2000 

0.1511 

0.1401 

2 

0.1341 

0.1296 

0.1201 

0.  1 

86 

0. 1186 

0.1631 

0.1540 

0.3696 

0.7486 

0.1955 

0.1511 

0.H01 

3 

0.1402 

0. 1227 

0.1206 

0.1 

186 

0.1286 

0.1631 

0.1461 

0.5001 

0.6754 

0.1878 

0.1511 

0.1401 

4 

0.1381 

0.1199 

0.1196 

0.1 

86 

0. 1374 

0.1631 

0.1421 

0.7069 

0.6140 

0.1787 

0.1511 

0.1401 

5 

0.1429 

0. 1194 

0.1186 

0.1 

L86 

0. 1457 

0.1631 

0.1302 

1.0069 

0.5724 

0.1752 

0.1511 

0.1401 

6 

0. 1401 

0. 1191 

0.1186 

0.1 

86 

0.1523 

0.1631 

0.  1196 

1.1309 

0.5299 

0.2055 

0.1511 

0. 1401 

7 

0. 1401 

0.1172 

0.1186 

0.1 

Hh 

0.1463 

0.1631 

0.1211 

1.2261 

0.5025 

0.2003 

0.1511 

0.1479 

8 

0.1401 

0. 1107 

0.1186 

0.1 

86 

0.1347 

0.1631 

0. 1191 

1.2985 

0.4897 

0.2002 

0.1511 

0.1555 

9 

0. 1401 

0.1097 

0.1186 

0.1 

86 

0.1321 

0.1631 

0. 1313 

1.3693 

0.4700 

0.1962 

0.1401 

0.1451 

10 

0. 1401 

0.1085 

0. 1186 

0.1 

186 

0.1321 

0.1599 

0. 1399 

1.4414 

0.4517 

0. 1875 

0.1401 

0.1461 

11 

0. 1401 

0. 1087 

0. 1186 

0.  1 

86 

0.1347 

0.1566 

0. 1511 

1.5251 

0.4333 

0.1835 

0.1401 

0.  1446 

12 

0.1401 

0.1087 

0.1186 

0.  1 

86 

0.1381 

0.1533 

0.1499 

1.6089 

0.4149 

0.1806 

0.1401 

0.1381 

13 

0.1401 

0.1092 

0.1186 

0.1 

86 

0.1391 

0.1500 

0.1649 

1.6297 

0.3965 

0.1820 

0.1401 

0.1401 

14 

0.1401 

0. 1132 

0.1253 

0.  1 

86 

0.1405 

0.1467 

0.2514 

1.6738 

0.3782 

0.1811 

0. 1401 

0.1401 

15 

0.1410 

0. 1155 

0.1278 

0.1 

8h 

0.1419 

0.1434 

0.3703 

1.7051 

0.3598 

0.1756 

0.1401 

0.1401 

16 

0.1384 

0. 1170 

0.1291 

0.1 

86 

0.1433 

0. 1401 

0.3978 

1.6986 

0.3414 

0.1788 

0. 1401 

0.1401 

17 

0.1381 

0.1175 

0.1278 

0.1 

186 

0.1447 

0.1401 

0.3225 

1.6619 

0.3231 

0.1721 

0.1401 

0. 1401 

18 

0.1397 

0.1186 

0.1199 

0.1 

186 

0.1462 

0.1401 

0.2735 

1.6020 

0.3047 

0.  1751 

0.1401 

0.1401 

19 

0.1569 

0.1201 

0.1186 

0.  1 

186 

0.1476 

0.1385 

0.2451 

1.5506 

0.2863 

0.1849 

0.1401 

0.1401 

20 

0. 1727 

0. 1216 

0.1186 

0.1 

186 

0.1490 

0.1381 

0.2839 

1.4932 

0.2679 

0.1885 

0.1401 

0.1384 

21 

0.1516 

0.1227 

0. 1186 

0.1 

L86 

0.1504 

0. 1359 

0.3617 

1.4503 

0.2496 

0.1818 

0.1401 

0.1301 

22 

0. 1501 

0.1237 

0.1186 

0.1 

186 

0.1518 

0.1321 

0.4079 

1.3610 

0.2312 

0.1780 

0.1401 

0. 1402 

23 

0.1449 

0.1253 

0.1186 

0.  1 

186 

0.1532 

0.1306 

0.3394 

1.2964 

0.2312 

0.1742 

0.1401 

0.1403 

24 

0.1421 

0.1279 

0.1186 

0.  1 

186 

0.1546 

0.1291 

0.3011 

1.2863 

0.2294 

0.1691 

0.1401 

0.  1257 

25 

0.1371 

0.1297 

0.1186 

0.  1 

86 

0.1560 

0.1227 

0.3092 

1.2801 

0.2124 

0.1598 

0.1401 

0.1263 

26 

0.1341 

0.1300 

0. 1186 

0.1 

186 

0.1574 

0.1223 

0.3983 

1.2700 

0.2206 

0.1531 

0.1401 

0.1279 

27 

0.1309 

0. 1288 

0.1186 

0.1 

86 

0.1588 

0.1260 

0.4318 

1.1930 

0.2221 

0.1511 

0.1401 

0.1291 

28 

0.1303 

0.1268 

0.1186 

0.1 

R6 

0.1602 

0.1211 

0.3790 

1.0835 

0.2125 

0.1511 

0.1401 

0.1291 

29 

0.1285 

0. 1247 

0.1186 

0.1 

L86 



0. 1186 

0.3323 

1.0179 

0.2025 

0.1511 

0.1401 

0. 1291 

30 

0.1333 

0. 1240 

0.1186 

0.1 

Hf, 



0.1186 

0.3044 

1.0138 

0.2002 

0.1511 

0.1401 

0.1291 

31 

0.1441 



0.1186 

0.  1 

L86 



0.1186 



0.9030 



0.1511 

0.1401 



Average    rate,    cfs 

0.1407 

0.1201 

0.1202 

0.1 

186 

0.1434 

0.1435 

0.2510 

1.2473 

0.3866 

0.1774 

0.1430 

0.1379 

Total   yield,    inches 

0.622 

0.514 

0.531 

0.5 

W 

0.572 

0.634 

1.073 

5.512 

1.653 

0.784 

0.632 

0.590 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2608  cfs 
13.641  area  inches 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1937-SEPTEMBER  1938. 


1 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1290 

0.1291 

0.6530 

0.4337 

0.1650 

0.1135 

0.1118 

2 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1359 

0.1291 

0.6622 

0.4209 

0.1550 

0.1284 

0.1083 

3 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1541 

0.1291 

0.6191 

0.4080 

0.1498 

0.1259 

0.0994 

i 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1450 

0.1291 

0.5843 

0.3951 

0.1562 

0.1273 

0.0991 

5 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1381 

0.1279 

0.5478 

0.3822 

0.1571 

0.1241 

0.0949 

6 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1381 

0. 1211 

0.5085 

0.3693 

0.1546 

0.1213 

0.0909 

? 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1286 

0.1165 

0.4797 

0.3563 

0.1491 

0.1164 

0.0905 

8 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1186 

0.1168 

0.4611 

0.3498 

0.1433 

0.1212 

0.1024 

9 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1186 

0.1204 

0.4599 

0.3457 

0.1391 

0.1270 

0.0976 

10 

0.1291 

0.1186 

ll.  1  lHf, 

0. 1186 

0. 1186 

0.1186 

0.1300 

0.4984 

0.3489 

0.1363 

0.1168 

0.0935 

11 

0.  1291 

0. 1186 

0.1186 

0.1186 

0.1186 

0. 1186 

0.1381 

0.5372 

0.3503 

0.1391 

0.1130 

0.0935 

12 

0.1291 

0.1186 

0.1186 

0. 1186 

0.1186 

0.1318 

0.1797 

0.5651 

0.3484 

0.1393 

0.1090 

0.0995 

1  i 

0.1291 

0.1186 

0.1186 

0.1186 

0. 1186 

0.1425 

0.2313 

0.5965 

0.3332 

0.1368 

0.1062 

0.0983 

14 

0. 1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1409 

0.2651 

0.6242 

0.3017 

0.1398 

0.1077 

0.0963 

15 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1398 

0.2851 

0.6666 

0.2793 

0.1362 

0.1042 

0.0955 

16 

0.1291 

0.  1186 

0.1186 

0.1186 

0.1186 

0.1377 

0.3373 

0.7257 

0.2613 

0.1308 

0.0994 

0.0986 

17 

0.1291 

0.1186 

0.1186 

0.1186 

0.1186 

0.1523 

0.4622 

0.8040 

0.2447 

0.1297 

0.0962 

0.0984 

18 

0.1291 

0.1186 

0.1186 

0.1186 

0.  1186 

0.1420 

0.6108 

0.8049 

0.2281 

0.1269 

0.0944 

0.0981 

19 

0. 1291 

0.1201 

0. 1186 

0.1186 

0.1186 

0.1403 

0.7099 

0.7704 

0.2100 

0.1270 

0.0952 

0.0991 

20 

0.1291 

0. 1319 

0.1186 

0.1186 

0.1186 

0. 1448 

0.6718 

0.7475 

0.1938 

0.1284 

0.0919 

0.0994 

21 

0.1291 

0.1421 

0.  1186 

0. 1186 

0.1186 

0.1511 

0.6283 

0.7107 

0.1796 

0.1271 

0.0909 

0.1004 

22 

0.1291 

0.1269 

0.1186 

0.1186 

0.1186 

0.1507 

0.7715 

0.6854 

0.1762 

0.1233 

0.0862 

0.0998 

2  ) 

0.  1291 

0.1245 

0.1186 

0. 1186 

0. 1186 

0. 1480 

0.8249 

0.6544 

0.1762 

0.1235 

0.0880 

0.0983 

24 

0.1291 

0.1183 

0.1186 

0. 1186 

0.1186 

0.  1411 

0.7673 

0.6375 

0.1722 

0.1182 

0.0891 

0.0994 

25 

0. 1291 

0.1141 

0. 1186 

0.  1186 

0.1186 

0. 1371 

0.7266 

0.6159 

0.1655 

0.1116 

0.0891 

0.0988 

26 

0. 1275 

0.1176 

0. 1186 

0.1186 

0.1186 

0. 1321 

0.6733 

0.5528 

0.1585 

0.1076 

0.0883 

0.0989 

27 

0.1247 

0. 1186 

0.1186 

0.1186 

0.1186 

0.1301 

0.6192 

0.5004 

0.1513 

0.1072 

0.0883 

0.1000 

28 

0. 1231 

0.1186 

0.1186 

0. 1186 

0.1186 

0. 1301 

0.5916 

0.4874 

0.1561 

0.1087 

0.0873 

0.0982 

"i 

0.1221 

0.1186 

0.1186 

0.1186 



0.1291 

0.5894 

0.4724 

0. 1697 

0.1025 

0.0895 

0.0978 

10 

0.1206 

0.1186 

0.1186 

0.1186 



0. 1291 

0.6285 

0.4595 

0.1699 

0.0995 

0.0905 

0.1028 

1! 

0.  1191 



0.1186 

0.1186 



0.  1291 



0.4466 



0.1005 

0.0951 



Average 

rate,  cfs 

0.  1279 

0.1202 

0. 1186 

0.1186 

0.1186 

0.1362 

0.3987 

0.5980 

0.2745 

0.1313 

0.1039 

0.0986 

Total  y 

ield,  inches 

0.565 

0.514 

0.524 

0.524 

0.473 

0.602 

1.705 

2.643 

1.174 

0.580 

0.459 

0.422 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1954  cfs 
10.186  area  inches 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1938-SEPTEMBER  1939. 


1 

0.1053 

0.1251 

0.1226 

0.1186 

0.1111 

0.1021 

0.2233 

0.8928 

0.2462 

0.0806 

0.1291 

0.0952 

2 

0.0994 

0. 1186 

0.1221 

0. 1186 

0. 1108 

0.1018 

0.2928 

0.9248 

0.2513 

0.0806 

0.1239 

0.0905 

3 

0.0993 

0. 1186 

0.1203 

0.1186 

0.1104 

0.1015 

0.3112 

0.9568 

0.2572 

0.1041 

0.1186 

0.0905 

4 

0.0973 

0. 1301 

0.1194 

0.1186 

0.1101 

0.1012 

0.3293 

0.9766 

0.2430 

0.1189 

0.1186 

0.0905 

5 

0.0994 

0. 1188 

0.1191 

0. 1186 

0.1098 

0. 1008 

0.3504 

0.8759 

0.2372 

0.1291 

0.1118 

0.0931 

i 

0.0997 

0.1089 

0.1186 

0. 1186 

0.1095 

0. 1005 

0.3451 

0.8323 

0.2293 

0. 1291 

0.1087 

0.1054 

7 

0.1004 

0.1092 

0. 1186 

0. 1186 

0.1092 

0.1002 

0.3514 

0.7883 

0.2112 

0.1341 

0.1087 

0. 1179 

8 

0.0994 

0. 1087 

0.1186 

0. 1186 

0.1088 

0.0999 

0.3576 

0.7518 

0.1982 

0.1401 

0.1087 

0.1090 

9 

0.0994 

0.1089 

0.1186 

0. 1186 

0.1085 

0.0996 

0. 3639 

0.7016 

0.1912 

0.1401 

0.0988 

0.0994 

10 

0.0994 

0. 1182 

0.1186 

0. 1186 

0.1082 

0.0992 

0.3702 

0.6674 

0.1892 

0.1401 

0.0905 

0.0994 

1  1 

0.0994 

0. 1107 

0. 1186 

0. 1186 

0.1079 

0.0989 

0.3764 

0.6461 

0.1892 

0.1401 

0.0905 

0.1101 

12 

0.0994 

0.1087 

0.1186 

0. 1186 

0.1075 

0.0986 

0.3827 

0.5818 

0.1892 

0.1401 

0.0986 

0.1007 

1  I 

0.0994 

0.1087 

0.1186 

0.1186 

0.1072 

0.0983 

0.3889 

0.5704 

0.1892 

0.1401 

0.0949 

0.1022 

!'. 

0.0994 

0.1087 

0.1186 

0.  1186 

0.1069 

0.0980 

0.3952 

0.5469 

0.1892 

0.1341 

0.0949 

0.0994 

1  i 

0.0994 

0.1087 

0.1186 

0.  1186 

0.1066 

0.0976 

0.4015 

0.5449 

0.1892 

0.1239 

0.0994 

0.1041 

16 

0.0994 

0.1087 

0.1186 

0. 1186 

0.1063 

0.0973 

0.4077 

0.5429 

0.1962 

0.1186 

0.0994 

0.1087 

1  7 

0.0994 

0.1087 

0.1186 

0.1186 

0.1060 

0.0970 

0.4140 

0.5409 

0.1992 

0.1186 

0.0994 

0.1087 

IK 

0.0994 

0.1087 

0.1186 

0.1156 

0.1056 

0.0967 

0.4203 

0.5389 

0.1892 

0. 1137 

0.1041 

0.1087 

19 

0.0994 

0.1087 

0.1186 

0.1152 

0.1053 

0.0964 

0.4265 

0.5370 

0.1822 

0.1087 

0.1087 

0.1087 

.•'i 

0.0994 

0. 1087 

0.1186 

0.  1149 

0.1050 

0.0960 

0.4328 

0.5009 

0.1701 

0.1041 

0.1054 

0.1087 

21 

0.0994 

0. 1087 

0.1186 

0.1146 

0.1047 

0.0957 

0.4390 

0.4541 

0.  1631 

0.0994 

0.0994 

0.1087 

'.' 

0.0994 

0.1087 

0.1186 

0. 1143 

0.1044 

0.1086 

0.5428 

0.4119 

0.  1571 

0.1043 

0.0994 

0.1087 

23 

0.0994 

0.1087 

0.1186 

0.1140 

0.1040 

0.1609 

0.6147 

0.3751 

0. 1461 

0. 1087 

0.1041 

0.1087 

24 

0.0994 

0. 1087 

0. 1186 

0. 1136 

0.1037 

0.1731 

0.6425 

0.3567 

0.1401 

0.1087 

0.1087 

0.1050 

25 

0.0994 

0.1087 

0.1 186 

0.  1133 

0.1034 

0.1958 

0.6736 

0.3143 

0.  1341 

0.1137 

0.  1041 

0.1041 

Jl. 

0.0994 

0. 1087 

0. 1186 

0. 1130 

0.1031 

0.1904 

0.7086 

0.2782 

0.1239 

0.1186 

0.1059 

0.0994 

27 

0.0994 

0. 1087 

0. 1 186 

0.1127 

0.1028 

0.1712 

0.7531 

0.2488 

0.1137 

0.1239 

0.1239 

0.0994 

28 

0.  1015 

0.1087 

0.1186 

0. 1123 

0.1024 

0.1572 

0.8047 

0.2462 

0. 1087 

0.1291 

0.1218 

0.0994 

."< 

0.1074 

0. 1087 

0.1186 

0.1120 



0.1613 

0.8367 

0.2462 

0.1041 

0.1291 

0.1226 

0.0994 

30 

0. 1090 

0. 1166 

0.1186 

0.1117 



0. 1631 

0.8627 

0.2462 

0.0994 

0.1291 

0. 1121 

0.0994 

11 

0. 1441 



0. 1186 

0.1114 



0.1631 



0.2462 



0.1291 

0.1041 



1 

rate,  cfs 

0. 1016 

0.  1116 

0.  1247 

0.  1163 

0.1068 

0.1201 

0.4740 

0.5595 

0.1809 

0.1216 

0. 1071 

0.1028 

Total  y 

'I'l,  Inches 

0.449 

0.477 

0.551 

0.514 

0.426 

0.531 

2.027 

2.472 

0.744 

0.537 

0.473 

0.439 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1856  cfs 
9.669  area  I 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  19 39-SEPTEMBER  1940. 


1 

0. 1054 

0.0949 

0.0994 

0.0994 

0.0994 

0.0994 

0.2622 

0.4554 

0.2462 

0. 1545 

0.0873 

0.0905 

2 

0.1290 

0.0994 

0.0994 

0.0994 

0.0994 

0.0949 

0.2486 

0.4554 

0.2462 

0.1235 

0.0905 

0.0905 

3 

0. 1041 

0.0994 

0.0994 

0.0994 

0.0994 

0.0850 

0.2312 

0.4554 

0.2419 

0. 1186 

0.0905 

0.0905 

4 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.2312 

0.4784 

0.2312 

0. 1186 

0.0905 

0.0905 

5 

0.0938 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.2242 

0.5014 

0.2678 

0.1137 

0.0905 

0.0949 

6 

0.0949 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.2162 

0.5119 

0.2527 

0. 1087 

0.0905 

0.0994 

7 

0. 1176 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.2162 

0.5255 

0.2300 

0.  1041 

0.0867 

0.0994 

8 

0. 1137 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.2344 

0.5255 

0.2162 

0.0994 

0.0846 

0.0994 

9 

0.1087 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.2957 

0.5135 

0.2092 

0.0924 

0.0822 

0.0994 

10 

0.1087 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.3513 

0.5014 

0. 1962 

0.0822 

0.0791 

0.0994 

11 

0.1041 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.3513 

0.4904 

0. 1847 

0.0897 

0.0787 

0.0949 

12 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.3603 

0.4713 

0. 1762 

0.086  3 

0.0813 

0.0993 

13 

0.0949 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.3874 

0.4554 

0. 1762 

0.0822 

0.0822 

0.0894 

14 

0.0905 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.4224 

0.4554 

0. 1701 

0.0822 

0.0794 

0.0863 

15 

0.0949 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.4444 

0.4554 

0. 1571 

0.0795 

0.0743 

0.0783 

16 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.4203 

0.4451 

0. 1511 

0.0743 

0.0743 

0.0705 

17 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.3803 

0.4234 

0.1468 

0.0711 

0.0743 

0.0669 

18 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.3944 

0.4114 

0. 1372 

0.0669 

0.0783 

0.0669 

19 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.4315 

0.4018 

0.1291 

0.0669 

0.0791 

0.0669 

20 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.4724 

0.3903 

0.1401 

0.0680 

D.1I78  i 

0.0669 

21 

0.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0822 

0.4664 

0.3714 

0.1461 

0.0693 

0.0802 

0.0669 

22 

0'.0994 

0.0994 

0.0994 

0.0994 

0.0994 

0.0863 

0.4554 

0.3903 

0.1355 

0.0783 

0.0743 

0.0669 

23 

0.0949 

0.0994 

0.0994 

0.0994 

0.0994 

0.0958 

0.4664 

0.3810 

0.1291 

0.0743 

0.0783 

0.0669 

24 

0.0905 

0.0994 

0.0994 

0.0994 

0.0994 

0.1142 

0.4784 

0.3603 

0. 1291 

0.0743 

0.0822 

0.0669 

25 

0.0905 

0.0994 

0.0994 

0.0994 

0.0994 

0.1541 

0.4784 

0.3482 

0. 1291 

0.0818 

0.0863 

0.0705 

26 

0.0863 

0.0994 

0.0994 

0.0994 

0.0994 

0.1936 

0.4784 

0.3288 

0.1247 

0.0864 

0.0949 

0.0743 

27 

0.0822 

0.0994 

0.0994 

0.0994 

0.0994 

0.2814 

0.4784 

0.3133 

0.1186 

0.0822 

0.0955 

0.0743 

28 

0.0822 

0.0994 

0.0994 

0.0994 

0.4557 

0.2173 

0.4784 

0.3065 

0.1186 

0.0845 

0.0905 

0.0743 

29 

0.0822 

0.0994 

0.0994 

0.0994 

0.4308 

0.1892 

0.4784 

0.2822 

0. 1186 

0.0822 

0.0905 

0.0743 

30 

0.0822 

0.0994 

0.0994 

0.0994 



0.2018 

0.4664 

0.2622 

0. 1186 

0.0852 

0.0905 

0.0743 

31 

0.0863 



0.0994 

0.0994 



0.2354 



0.2555 



0.0905 

0.0905 



Average 

rate,  cfs 

0.0978 

0.0992 

0.0994 

0.0994 

0.  1043 

0. 1138 

0.3767 

0.4169 

0.1725 

0.0894 

0.0841 

0.0816 

Total  y 

ield,  incr 

es   0.432 

0.424 

0.4  39 

0.439 

0.416 

0.503 

1.611 

1.842 

0.738 

0.395 

0.371 

0.349 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1529  cfs 
7.959  area  inches 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1940-SEPTEMBER  1941, 


1 

0.0743 

0.0669 

0.0669 

0.0566 

0.0535 

0.0669 

0. 1186 

0.8537 

0.5385 

0.2873 

0.1691 

0.1187 

2 

0.0743 

0.0699 

0.0669 

0.0535 

0.0535 

0.0669 

0. 1137 

n.MBhH 

0.5385 

0.2703 

0.1691 

0.1291 

3 

0.0827 

0.0705 

0.0669 

0.0535 

0.0535 

0.0669 

0. 1087 

0.8868 

0.5135 

0.2622 

0.1691 

0.1761 

4 

0.0783 

0.0743 

0.0669 

0.0535 

0.0535 

0.0669 

0.1087 

0.8537 

0.5255 

0.2463 

0.1691 

0.1631 

5 

0.0743 

0.0743 

0.0669 

0.0535 

0.0535 

0.0669 

0.1650 

0.8706 

0.4785 

0.2312 

0.1571 

0. 1631 

6 

0.0743 

0.0743 

0.0669 

0.0535 

0.0566 

0.0635 

0. 1456 

0.9377 

0.5014 

0.2312 

0.1571 

0. 1571 

7 

0.0743 

0.0769 

0.0705 

0.0535 

0.0600 

0.0600 

0. 1345 

1.0079 

0.5135 

0.2312 

0.1511 

0. 1511 

8 

0.0765 

0.0743 

0.0743 

0.0535 

0.0600 

0.0600 

0. 1291 

1.1208 

0.5014 

0.2163 

0.1511 

0. 1511 

9 

0.0561 

0.0705 

0.0743 

0.0504 

0.0600 

0.0600 

0. 1291 

1.1991 

0.4894 

0.2163 

0.1631 

0.1451 

10 

0.0783 

0.0669 

0.0705 

0.0474 

0.0600 

0.0600 

0.1424 

1.3442 

0.4785 

0.2163 

0.1821 

0.1291 

11 

0.0743 

0.0669 

0.0669 

0.0474 

0.0600 

0.0600 

0.1401 

1.5224 

0.4785 

0.2092 

0.  1761 

0.1341 

12 

0.0743 

0.0669 

0.0669 

0.04  74 

0.0600 

0.0600 

0.1482 

1.6395 

0.4785 

0.2092 

0.1691 

0.1291 

13 

0.0743 

0.0669 

0.0635 

0.0504 

0.0600 

0.0600 

0. 1631 

1.6886 

0.4785 

0.2092 

0.1631 

0.1291 

14 

0.0705 

0.0669 

0.0600 

0.0535 

0.0600 

0.0600 

0.  1549 

1.6885 

0.4785 

0.2022 

0.1571 

0.1237 

15 

0.0669 

0.0669 

0.0600 

0.0535 

0.0600 

0.0600 

0.1592 

1.5453 

0.4785 

0.2022 

0.1631 

0.1237 

16 

0.0669 

0.0669 

0.0600 

0.0566 

0.0600 

0.0600 

0.1631 

1.4091 

0.4665 

0.2022 

0.1631 

0.1451 

17 

0.0669 

0.0669 

0.0600 

0.0600 

0.0600 

0.0600 

0.1571 

1.3222 

0.4443 

0.2022 

0.1511 

0.1511 

18 

0.0669 

0.0669 

0. 0600 

0.0600 

0.0600 

0.0600 

0.1511 

1.2390 

0.4443 

0.1892 

0.1511 

0.1511 

19 

0.0669 

0.0669 

0.0600 

0.0600 

0.0600 

0.0600 

0. 1331 

1.1399 

0.4334 

0.2022 

0.1511 

0. 1451 

20 

0.0669 

0.0669 

0.  0600 

0.0600 

0.0600 

0.0635 

0.1331 

1.0640 

0.4114 

0.2022 

0.1511 

0. 1451 

21 

0.0669 

0.0699 

0.0600 

0.0600 

0.0785 

0.0669 

0. 1401 

0.9729 

0.4013 

0.1892 

0. 1511 

0.1401 

22 

0.0669 

0.0669 

0.0600 

0.0600 

0.0671 

0.0669 

0.1511 

0.9038 

0.3903 

0.1852 

0. 1511 

0.1571 

23 

0.0669 

0.0669 

0.0600 

0.0600 

0.0736 

0.0669 

0.2022 

0.8706 

0.3603 

0.1852 

0. 1511 

0.  1511 

24 

0.0669 

0.0669 

0.0600 

0.0600 

0.0705 

0.0669 

0.2463 

0.8057 

0.3512 

0.1892 

0.1451 

0.1291 

25 

0.0669 

0.0669 

0.0600 

0.0600 

0.0635 

0.0669 

0.3324 

0.7897 

0.3512 

0.2163 

0.1341 

0.1187 

26 

0.0899 

0.0699 

0.0600 

0.0600 

0.0600 

0.0669 

0.4334 

0.7746 

0.3324 

0.2163 

0.1341 

0.1187 

27 

0.0743 

0.0669 

0.0600 

0.0600 

0.0635 

0.0669 

0.5505 

0.7436 

0.3133 

0.2022 

0.1291 

0.1187 

28 

0.0705 

0.0669 

0.0600 

0.0600 

0.0669 

0.0714 

0.6296 

0.7146 

0.3053 

0.1821 

0.1291 

0. 1187 

29 

0.0669 

0.0669 

0.0600 

0.0600 



0.0948 

0.6995 

0.6564 

0.2961 

0.1691 

0.1291 

0.1237 

30 

0.0669 

0.0669 

0.  0600 

0.0566 



0.1087 

0.7746 

0.6024 

0.2961 

0.1691 

0.1291 

0.1401 

31 

0.  0669 



0.0600 

0.0535 



0.1087 



0.5635 



0.1691 

0.1187 



Average 

rate,  cfs 

0.0720 

0.0683 

0.0635 

0.0557 

0.0610 

0.0675 

0.2319 

1.0522 

0.4356 

0.2100 

0.1533 

0. 1392 

Total  y 

ield,  inches 

0.318 

0.292 

0.280 

0.246 

0.243 

0.298 

0.992 

4.649 

1.863 

0.928 

0.677 

0.595 

Average  annual  rate:   0.2175  cfs 

Total  annual  yield:   11.381  area  inches 

Peak  flow: 


53 


MORRIS    DISCHARGE,    CUBIC   FEET   PER    SECOND,    OCTOBER    1941    -    SEPTEMBER    1942 


1 

0.1290 

0.1450 

0.1125 

0.1020 

0.1020 

0.0887 

0.0821 

0.4550 

1.3640 

0.3010 

0  2910 

0.2240 

2 

0.1290 

0.1310 

0.1125 

0.1020 

0.1029 

0.0862 

0.0837 

0.4550 

1 . 3000 

0.3130 

0.2910 

0.2190 

3 

0.1290 

0.1290 

0.1125 

0.1011 

0.1029 

0.0845 

0.0993 

0.4480 

1.3130 

0.3010 

0.2790 

0.2210 

4 

0.1290 

0.1290 

0.1115 

0.1011 

0.1029 

0.0845 

0.1570 

0.4440 

0.3210 

0.2960 

0.2790 

0.2190 

5 

0.1400 

0.1290 

0.1115 

0.1011 

0.1029 

0.0845 

0.2960 

0.4330 

1.3640 

0.2790 

0.2700 

0.2190 

6 

0.1290 

0.1236 

0.1115 

0.1002 

0.1039 

0.0862 

0.3510 

0.4440 

1.3210 

0.2670 

0.2820 

0.2190 

7 

0. 1400 

0.1290 

0.1105 

0.1002 

0.1039 

0.0904 

0.3230 

0.5760 

1.2460 

0.2620 

0.2790 

0.2160 

H 

0.1290 

0.1236 

0.1105 

0.0993 

0.1039 

0.0862 

0.3230 

0.7430 

1.1390 

0.2620 

0.2750 

0.2160 

9 

0.1290 

0.1185 

0.1105 

0.0993 

0.1039 

0.0845 

0.3900 

0.8800 

1.0080 

0.2870 

0.2700 

0.2240 

in 

0.1290 

0.1185 

0.1096 

0.0993 

0.1048 

0.0837 

0.4550 

0  9370 

0.9370 

0.2700 

0.2650 

0.2270 

11 

0.1236 

0.1135 

0.1096 

0.0993 

0.1048 

0.0837 

0.5250 

0.8760 

0.9030 

0.2700 

0.2790 

0.2310 

i: 

0.1236 

0.1086 

0.1086 

0.0993 

0.1057 

0.0829 

0.6290 

0.8630 

0.8210 

0.2700 

0.2700 

0.2540 

13 

0.1290 

0.1086 

0.1086 

0.0948 

0.1039 

0.0829 

0.7740 

0.8370 

0.7740 

0.2590 

0.2540 

0.2310 

14 

0.1340 

0.1086 

0.1076 

0.0817 

0.0993 

0.0821 

1 . 0440 

0.8050 

0.6850 

0.2540 

0.2460 

0.2240 

15 

0.1400 

0.1086 

0.1076 

0.0904 

0.0993 

0.0813 

1.1200 

0.8050 

0.6290 

0.2510 

0.2390 

0.2160 

li. 

0.1340 

0.1135 

0.1076 

0.0904 

0.0993 

0.0813 

0.9370 

0.8860 

0.5500 

0.2450 

0.2310 

0  2160 

17 

0.1340 

0.1175 

0.1067 

0.0993 

0.1057 

0.0805 

0.9550 

0.8700 

0.5130 

0.2390 

0.2310 

0.2160 

l:- 

0.1290 

0.1175 

0.1067 

0.0993 

0.1057 

0.0805 

1.0080 

0.9030 

0.5010 

0.2390 

0.2310 

0.2160 

19 

0.1290 

0.1175 

0.1067 

0.0993 

0.1057 

0.0797 

0.9550 

1 . 0440 

0.4780 

0.2310 

0.2340 

0.2160 

2(1 

0.1400 

0.1165 

0.1057 

0.1002 

0.1057 

0.0789 

1 .  0440 

1.1310 

0.4590 

0.2310 

0.2340 

0.2160 

21 

0.1340 

0.1165 

0.1057 

0.1002 

0.1057 

0.0789 

1.3210 

1.3640 

0  4440 

0.2240 

0.2340 

0.2160 

22 

0.1236 

0.1165 

0.1057 

0.1002 

0.1039 

0.0781 

1.5670 

1.7610 

0.4300 

0.2700 

0.2390 

0.2160 

23 

0.1185 

0.1155 

0.1048 

0.1002 

0.1011 

0.0781 

1.3210 

1.9690 

0.4110 

0.2620 

0.2340 

0.2160 

24 

0.1236 

0.1155 

0.1048 

0.1011 

0.0984 

0.0773 

1.0820 

2.1070 

0.2970 

0.2540 

0.2390 

0.2160 

25 

0.1290 

0.1155 

0 . 1048 

0.1011 

0.0966 

0.0773 

0.8860 

2.1070 

0.3800 

0.2540 

0.2620 

0.2160 

26 

0.1185 

0.1145 

0.1039 

0.1011 

0.0948 

0.0765 

0.7890 

2.1350 

0.3800 

0.2540 

0.2310 

0.2160 

27 

0.1290 

0.1145 

0.1039 

0.1011 

0.0830 

0.0758 

0.6990 

2.1070 

0.3600 

0.2620 

0.2240 

0.2020 

28 

0.1340 

0.1145 

0.1029 

0.1011 

0.0904 

0.0758 

0.6560 

1.9960 

0.3510 

0.2790 

0.2310 

0. 1890 

2w 

0.1340 

0.1135 

0.1029 

0.1020 

... 

0.0750 

0.5760 

1.8120 

0.3320 

0.2910 

0.2310 

0.1890 

in 

0  1290 

0.1135 

0.1029 

0.1020 



0.0750 

0.4890 

1.6380 

0.3130 

0.2910 

0.2310 

0.1890 

il 

0.1290 

... 

0.1020 

0.1020 

... 

0.0742 

... 

1.4980 

_._ 

0.2910 

0.2240 



Average  rate,  cfs 

0.1300 

0.1186 

0.1075 

0.0991 

0.1019 

0.0811 

0.6979 

1  1396 

0.7476 

0.2665 

0.2519 

0.2168 

Total  yield,  inches 

0.574 

0.507 

0.475 

0.438 

0.407 

0.358 

2.984 

5.035 

3.196 

1.  177 

1.113 

0.927 

Average  annual  rate: 

0.3299  cfs 

Total  annual  yield: 

17.191   inches 

Peak  flow: 

MORRIS    DISCHARGE,    CUBIC   FEET   PER    SECOND,    OCTOBER    1942    -    SEPTEMBER    1943 


1 

0.2050 

0.1890 

0.1630 

0.1320 

0.1155 

0.1086 

0.1450 

0.2820 

0.2020 

0.1380 

0.0913 

0.0742 

2 

0.1890 

0.1890 

0.2090 

0.1310 

0.1086 

0.1086 

0.1760 

0.2790 

0.1890 

0.1340 

0  0913 

0  0690 

3 

0.1890 

0.1910 

0.1690 

0.1310 

0.1086 

0.1086 

0.2020 

0.2790 

0. 1760 

0. 1300 

0.0904 

0.0705 

4 

0.1890 

0.1890 

0.1630 

0.1300 

0.1039 

0.1086 

0.2160 

0.2870 

0.1890 

0.1290 

0.0904 

0.0705 

5 

0.1890 

0.1820 

0.1630 

0.1290 

0.0993 

0.1135 

0.2390 

0.2790 

0.1890 

0.1290 

0.0904 

0.0705 

6 

0.1890 

0.1770 

0.1630 

0.1310 

0.0993 

0.1086 

0.2460 

0.2870 

0. 1760 

0.1290 

0.0904 

0.0705 

7 

0.1890 

0.1770 

0.1510 

0.1310 

0.0993 

0.1086 

0.2790 

0.2790 

0.1690 

0  1290 

0.0904 

0.0742 

8 

0.1890 

0.1770 

0.1510 

0.1310 

0.0993 

0.1290 

0.2790 

0.2620 

0.1630 

0.1236 

0.0896 

0.0781 

9 

0.1890 

0.1760 

0.1570 

0.1310 

0.0993 

0.1400 

0.2390 

0.2590 

0.1630 

0.1225 

0.0896 

0.0765 

10 

0.1900 

0.1660 

0.1510 

0.1310 

0.0993 

0.1390 

0.2310 

0.2570 

0.1570 

0.1185 

0.0896 

0.0727 

11 

0.1930 

0.1660 

0.1500 

0.1290 

0.1002 

0.1380 

0.2160 

0.2540 

0.1570 

0.1135 

0.0887 

0.0720 

12 

0.1950 

0.1660 

0.1490 

0.1290 

0.1002 

0.1360 

0.1950 

0.2390 

0.1570 

0.1125 

0.0887 

0.0727 

13 

0.1950 

0.1660 

0.1490 

0.1290 

0.1011 

0.1360 

0.2160 

0.2310 

0.1630 

0.1086 

0.0887 

0.0720 

14 

0.1950 

0.1660 

0.1480 

0.1290 

0.1011 

0.1360 

0.2490 

0.2280 

0.1890 

0.1086 

0.0887 

0.0705 

15 

0.1890 

0.1660 

0.1470 

0.1290 

0.1020 

0.1360 

0.2870 

0.2240 

0.1950 

0.1185 

0.0887 

0.0705 

16 

0.1890 

0.1660 

0.1450 

0.1290 

0.1020 

0.1360 

0.3050 

0.2240 

0.1850 

0.1165 

0.0879 

0.0705 

17 

0.1890 

0.1660 

0.1450 

0.1267 

0.1029 

0.1360 

0.3130 

0.2160 

0.1820 

0.1145 

0.0821 

0.0668 

18 

0.1890 

0.1690 

0.1440 

0.1267 

0.1029 

0.1360 

0.3060 

0.2160 

0.1690 

0.1115 

0.0993 

0.0668 

19 

0.1890 

0.1850 

0.1430 

0.1256 

0.1039 

0.1360 

0.3010 

0.2130 

0.1630 

0.1096 

0.0829 

0.0705 

21) 

0.1890 

0.1790 

0.1420 

0.1246 

0.1039 

0.1360 

0.2960 

0.2090 

0.1630 

0.1076 

0.0781 

0.0705 

21 

0.1890 

0.1760 

0.1420 

0.1236 

0.1048 

0.1360 

0.3010 

0.1950 

0.1570 

0.1057 

0.0781 

0.0727 

22 

0.1890 

0.1690 

0.1410 

0.1236 

0.1048 

0.1360 

0.3050 

0.1890 

0.1570 

0.1039 

0.0781 

0.0742 

23 

0.1890 

0.1690 

0.1400 

0.1225 

0.1057 

0.1360 

0.3230 

0.1890 

0.1570 

0.1011 

0.0781 

0.0742 

24 

0.1890 

0.1760 

0.1390 

0.1215 

0.1057 

0.1360 

0.3350 

0.1760 

0.1510 

0.0993 

0.0781 

0.0742 

25 

0.1830 

0.1680 

0.1380 

0.1205 

0.1067 

0.1360 

0.3410 

0.1690 

0.1510 

0.9705 

0.0805 

0.0742 

26 

0.1760 

0.1690 

0.1380 

0.1205 

0.1067 

0.1360 

0.3320 

0.1630 

0.1510 

0.0957 

0.0781 

0.0781 

27 

0.1820 

0.1820 

0.1360 

0.1195 

0.1076 

0.1360 

0.3130 

0.1570 

0.1510 

0.0939 

0.0781 

0.0781 

28 

0.1890 

0.1690 

0.1350 

0.1185 

0.1076 

0.1360 

0.3130 

0.1510 

0.1510 

0.0922 

0.0781 

0.0821 

29 

0.1890 

0.1570 

0.1340 

0.1175 



0.1360 

0.2960 

0.1510 

0.1450 

0.0922 

0.0781 

0.0821 

30 

0.1890 

0.1560 

0.1340 

0.1175 

... 

0.1360 

0.2820 

0.1550 

0.1400 

0.0922 

0.0781 

0.0805 

31 

0.1890 

... 

0.1330 

0.1165 

... 

0.1360 

... 

0.1680 

... 

0.0913 

0.0781 

... 

Average  rate,  cfs 

0.1894 

0.1733 

0.1488 

0.1260 

0.1037 

0.1300 

0.2691 

0.2215 

0.1669 

0.1119 

0.0851 

0.0733 

Total  yield,  inches 

0.837 

0.741 

0.657 

0.557 

0.414 

0.574 

1.151 

0.979 

0.714 

0.494 

0.376 

0.314 

Average  annual  rate: 

0.1502  cfs 

Total  annual  yield: 

7.808  inches 

Peak  flow: 

54 


DAY  OCT 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 

12  0.0822 

13  0.0822 

14  0.0822 

15  0.0822 

16  0.0822 

17  0.0822 

18  0.0994 

19  0.1041 

20  0.0822 

21  0.0822 

22  0.0822 
23 

24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  vield: 


MORRIS  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1943  -  SEPTEMBER  1944 
NOV        DEC        JAN        FEB       MAR       APR       MAY       JUNE 


0.4553 

0.4785 

0.2382 

0. 1187 

0  1122 

0.4125 

0.5135 

0.2231 

0.1187 

0.1122 

0.3512 

0.5635 

0.2163 

0.1135 

0.1122 

0.3324 

0.6155 

0.2163 

0.1135 

0. 1122 

0.3663 

0.6426 

0.2092 

0.1135 

0.1106 

0.4394 

0.6995 

0.2022 

0.1088 

0. 1096 

0.5145 

0.7297 

0.1983 

0.  1111 

0.  1088 

0.1088 

0.5635 

0.7065 

0.1923 

0.1135 

0.1072 

0.1088 

0.5894 

0.6776 

0.1892 

0.1161 

0.1057 

0.1041 

0.6155 

0.6296 

0.1892 

0.1161 

0  1072 

0.0994 

0.6421 

0.5896 

0.1923 

0.1135 

0.1088 

0.1041 

0.6716 

0.5766 

0.1923 

0. 1127 

0.1088 

0.1041 

0.6995 

0.5766 

0.1852 

0. 1122 

0.1088 

0.0950 

0.7446 

0.5445 

0.1792 

0.1156 

0.1088 

0.0950 

0.7897 

0.4954 

0.1691 

0.1161 

0.1096 

0.0950 

0.8057 

0.4654 

0.1631 

0.1135 

0.1096 

0.0950 

0.7976 

0.4534 

0.1631 

0.1135 

0.1096 

0.0864 

0.7587 

0.4274 

0.1571 

0. 1127 

0.1122 

0.0822 

0.0706 

0.3953 

0.1511 

0.1111 

0.1122 

0.0822 

0.6645 

0.3804 

0. 1511 

0.1101 

0.1106 

0.0822 

0.6225 

0.3603 

0.1461 

0.1101 

0.1106 

0.0783 

0.5896 

0.3462 

0.1401 

0. 1111 

0. 1096 

0.0783 

0.5766 

0.3272 

0.1372 

0. 1117 

0.1033 

0.0908 

0.5635 

0.3042 

0.1341 

0. 1151 

0. 1062 

0.1143 

0.5375 

0.2792 

0.1320 

0.1247 

0.1044 

0.1291 

0.5135 

0.2792 

0.1291 

0.1351 

0.1025 

0.1432 

0.4894 

0.2873 

0.1291 

0.1385 

0.1012 

0.1863 

0.4673 

0.2752 

0.1291 

0.1284 

0.1012 

0.3133 

0.4443 

0.2661 

0.1263 

0.1143 

0.1012 

0.4334 

0.4443 

0.2541 

0.1213 

0.1117 

0.1012 

--- 

0.555 

--- 

0.1187 

0.1122 

... 

0.5718 

0.4713 

0.1684 

0.1157 

0.1082 

2.526 

2.015 

0.744 

0.513 

0.463 

DAY 


MORRIS    DISCHARGE,    CUBIC    FEET   PER    SECOND,    OCTOBER    1944    -    SEPTEMBER    1945 
NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1 

0.1088 

0.1216 

0.1088 

0.1088 

0.1088 

0.1088 

0.1187 

0.5014 

0.3133 

0.2622 

0.1291 

0.1088 

2 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1237 

0.5255 

0.3053 

0.2541 

0.1401 

0.1088 

3 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1291 

0.5505 

0.3133 

0.2392 

0.1571 

0.1088 

4 

0.1088 

0.1117 

0.1088 

0.1088 

0.1088 

0.1088 

0.1341 

0.5635 

0.3133 

0.2312 

0. 1761 

0.1088 

5 

0.1057 

0.3151 

0.1088 

0.1088 

0.1088 

0.1088 

0.1401 

0.5766 

0.3512 

0.2163 

0.1511 

0.  1088 

6 

0.1057 

0.1268 

0.1088 

0.1088 

0.1088 

0.1088 

0.1451 

0.6269 

0.5014 

0.2312 

0.1511 

0.1106 

7 

0.1057 

0.1268 

0.1088 

0.1088 

0.1088 

0.1088 

0.1511 

0.6564 

0.5255 

0.2312 

0.1631 

0.1106 

8 

0.1057 

0.1166 

0.1088 

0.1088 

0.1088 

0.1088 

0.1571 

0.6564 

0.5385 

0.2312 

0.1511 

0.1106 

9 

0.1057 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1631 

0.6705 

0.5766 

0.2241 

0.1401 

0.1106 

10 

0.1088 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1691 

0.6564 

0.6564 

0.2241 

0.1291 

0.1106 

11 

0.1106 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1761 

0.6564 

0.6436 

0.2241 

0.1187 

0. 1106 

12 

C.1106 

0.1156 

0.1088 

0.1088 

0.1088 

0.1088 

0.1821 

0.6296 

0.6296 

0.2163 

0.1291 

0.1106 

13 

0.1106 

0.1145 

0.1088 

0.1088 

0.1088 

0.1088 

0.1892 

0.6296 

0.6024 

0.1892 

0.1291 

0.1106 

14 

0.1106 

0.1127 

0.1088 

0.1088 

0.1088 

0.1088 

0.1952 

0.6296 

0.5766 

0.1892 

0.1291 

0.1106 

15 

0.1106 

0.1067 

0.1088 

0.1088 

0.1088 

0.1088 

0.2022 

0.5766 

0.5265 

0. 1821 

0.1237 

0. 1106 

16 

0.1106 

0.1067 

0.1088 

0.1088 

0.1088 

0.1088 

0.2022 

0.5505 

0.4785 

0.1761 

0.1187 

0.1135 

17 

0.1106 

0.1067 

0.1088 

0.1088 

0.1088 

0.1088 

0.2092 

0.5255 

0.4553 

0.1691 

0.1187 

0.1135 

18 

0.1106 

0.1067 

0.1088 

0.1088 

0.1088 

0.1088 

0.2163 

0.5014 

0.4334 

0.1631 

0.1291 

0.1187 

19 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2163 

0.5014 

0.4334 

0.1631 

0.1892 

0.1106 

20 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2241 

0.4665 

0.4224 

0.1631 

0.1892 

0.1106 

21 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2312 

0.4553 

0.4334 

0.1511 

0.1511 

0.1187 

22 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2312 

0.4334 

0.4114 

0.1411 

0.1401 

0. 1187 

23 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2392 

0.4114 

0.3903 

0. 1511 

0.1291 

0.1187 

24 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2463 

0.3903 

0.3702 

0.1511 

0.1291 

0.1106 

25 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1117 

0.2541 

0.3903 

0.3413 

0.1511 

0.1187 

0.1106 

26 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1127 

0.2622 

0.3603 

0.3233 

0.1511 

0.1187 

0.1106 

27 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1135 

0.2792 

0.3512 

0  3053 

0. 1511 

0.1187 

0.1106 

28 

0.1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1145 

0.2792 

0.3413 

0.2961 

0.1401 

0.1187 

0.1106 

29 

0.1106 

0.1088 

0.1088 

0.1088 



0.1156 

0.3702 

0.3324 

0.2961 

0.1291 

0.1187 

0.1135 

30 

0.1106 

0.1088 

0.1088 

0.1088 



0.1166 

0.4785 

0.3233 

0.2961 

0.1341 

0.1135 

0. 1135 

31 

0.1106 

... 

0.1088 

0.1088 

--- 

0.1177 

--- 

0.3233 

... 

0.1341 

0.1135 

... 

Average  rate,  cfs 

0.1095 

0.1121 

0.1088 

0.1088 

0.1088 

0.1101 

0.2105 

0.5086 

0.4353 

0.1863 

0. 1365 

0. 1118 

Total  yield,  inches 

0.484 

0.480 

0.481 

0.481 

0.434 

0.486 

0.900 

2.247 

1.861 

0.823 

0.603 

0.478 

Average  annual  rate: 

0.1873  cfs 

Total  annual  yield: 

9.758  inches 
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MORRIS   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1945    -    SEPTEMBER    1946 


1 
? 
3 
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6 

7 
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in 

1  I 
12 

1  I 
14 
L5 

It. 
17 
18 
19 
20 

71 
22 

2  I 
24 

2'. 

26 

77 
28 
29 

in 
31 

Average  rate,    cfs 
Total    vield.    inches 


0.1088 

0.1187 

0.1088 

0.1088 

0.1088 

0.1088 

0.2312 

0.6436 

0.4114 

0.1892 

0.1187 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2392 

0.6296 

0.4334 

0.1892 

0.1187 

0.1041 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2463 

0.5766 

0.4443 

0.1821 

0.1135 

0.1041 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2541 

0.5766 

0.4334 

0.1821 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

ii.  lo:-:- 

0.1088 

0.1088 

0.2622 

0.5766 

0.4114 

0.1761 

0.1135 

0.1041 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2703 

0.5255 

0.4114 

0.1631 

0. 1135 

0.1041 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2792 

0.5014 

0.4013 

0.1631 

0.1088 

0.1088 

0.1088 

0.1041 

0.1088 

0.1088 

0.1088 

0.1088 

0.2873 

0.5014 

0.4013 

0.1511 

0.1088 

0. 1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2961 

0.5135 

0.3903 

0.1631 

0.1041 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.3053 

0.4795 

0.3903 

0.1631 

0.0994 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.3133 

0.4553 

0.3512 

0.1631 

0.0994 

0.1088 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.3233 

0.4438 

0.3603 

0.1511 

0.1135 

0.1088 

0.1187 

0.1088 

0.1088 

0.1088 

0.1088 

0.1135 

0.3324 

0.4224 

0.3512 

0.1451 

0.1341 

0.1088 

0.1187 

0.1088 

0.1088 

0.1088 

0.1088 

0.1187 

0.3413 

0.2013 

0.3324 

0.1401 

0.1291 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1237 

0.3512 

0.3903 

0.3133 

0.1291 

0.1237 

0.1088 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1291 

0.4334 

0.3804 

0.2961 

0.1291 

0.1187 

0  1187 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1341 

0.4785 

0.3512 

0.2961 

0.1291 

0.1135 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1401 

0.5766 

0.3324 

0.2961 

0.1291 

0  1135 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1451 

0.6024 

0.3233 

0.2792 

0.1291 

0.1135 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1511 

0.6296 

0.2792 

0.2622 

0.1291 

0.1135 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1571 

0.6296 

0.2961 

0.2622 

0.1291 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1631 

0.6024 

0.3053 

0.2463 

0.1291 

0.1187 

0  1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1691 

0.5766 

0  3133 

0.2312 

0.1291 

0.1237 

0. 1106 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0. 1761 

0.5766 

0.3133 

0.2312 

0.1401 

0.1187 

0.1187 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1821 

0.6024 

0.2873 

0.2312 

0.1401 

0.1187 

0.1187 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1892 

0.6296 

0.2622 

0.2241 

0.1401 

0.1187 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.1952 

0.6856 

0.2792 

0.2163 

0.1237 

0.1135 

0. 1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 

0.2022 

0.6856 

0.4334 

0.2163 

0.1187 

0.1135 

0.1088 

0.1088 

0.1088 

0.1088 

0.1088 



0.2092 

0.6856 

0.3903 

0.2022 

0.1135 

0. 1135 

0.1088 

0.1135 

0.1088 

0.1088 

0.1088 

... 

0.2163 

0.6564 

0.3903 

0.1892 

0.1187 

0.1088 

0.1135 

0.1187 

... 

0.1088 

0.1088 

--- 

0.2241 

... 

0.3903 

... 

0.1291 

0.1088 

... 

0.1104 

0.1090 

0.1088 

0.1088 

0.1088 

0.1434 

0.4461 

0.4173 

0.3172 

0.1456 

0.1145 

0. 1105 

0.488 

0.466 

0.481 

0.481 

0.434 

0.633 

1.908 

1.844 

0.356 

0.643 

0  506 

0.472 

Average  annual   rate:      0.1867   cfs 
Total   annual   yield:         9.712    inches 


MORRIS    DISCHARGE,    CUBIC   FEET    PER    SECOND,    OCTOBER    1946    -    SEPTEMBER    1947 
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Average   rate      cfs 
Total   yield,    inches 

Average  annual    rate:      0.2087   cfs 
Total   annual    vield:       10.891    inches 


0.1510 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.2140 

0.525 

0.4010 

0.2160 

0.1310 

0.1205 

0.1185 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.2190 

0.602 

0.3700 

0.2020 

0.1310 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.224 

0.685 

0.3900 

0.2020 

0.1290 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.229 

0.805 

0.3510 

0.1890 

0.1400 

0. 1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.234 

0.837 

0.3230 

0.1890 

0.1290 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.239 

0.903 

0.3130 

0.1890 

0.1290 

0.1205 

0.1185 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.244 

0.937 

0.2960 

0.1890 

0.1290 

0.1205 

0.1185 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.249 

0.903 

0.2960 

0.1860 

0.1310 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.254 

0.870 

0.2960 

0.1870 

0.1400 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.259 

0.837 

0.2620 

0.1760 

0.1690 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.264 

0.805 

0.3130 

0.1630 

0.1400 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.269 

0.837 

0.3130 

0.1570 

0.1290 

0. 1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.274 

0.837 

0.3050 

0.1510 

0.1290 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.279 

0.837 

0.2960 

0.1510 

0.1290 

0.1205 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.380 

0.870 

0.2700 

0.1510 

0.1290 

0.1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1340 

0.282 

0.937 

0.2460 

0.1510 

0.1290 

0. 1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1390 

0.313 

0.870 

0.2310 

0.1510 

0.1236 

0.1205 

0.1236 

0.1290 

0.1290 

0.1290 

0.1290 

0.1440 

0.313 

0.837 

0.2310 

0.1510 

0.1236 

0.1205 

0.1236 

0.1290 

0.1290 

0.1290 

0.1290 

0.1490 

0.323 

0.805 

0.2310 

0. 1510 

0.1236 

0.1205 

0.1236 

0.1290 

0.1290 

0.1290 

0.1290 

0.1540 

0.370 

0.774 

0.2540 

0.1450 

0.1290 

0.1205 

0.1236 

0.1290 

0.1290 

0.1290 

0.1290 

0.1590 

0.411 

0.723 

0.2540 

0.1510 

0.1330 

0.1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1640 

0.411 

0.685 

0.2540 

0.1550 

0.1236 

0.1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1690 

0.390 

0.656 

0.2390 

0.1510 

0.1290 

0.1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1740 

0.370 

0.602 

0.2310 

0.1400 

0.1236 

0.1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1790 

0.351 

0.576 

0.2240 

0.1320 

0.1185 

0.1205 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1840 

0.354 

0.538 

0.2240 

0.1290 

0.1185 

0.1185 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1890 

0.351 

0.525 

0.2310 

0.1290 

0  1290 

0.1185 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1940 

0.370 

0.478 

0.2310 

0.1290 

0. 1290 

0.1185 

0.1290 

0.1290 

0.1290 

0.1290 



0.1990 

0.411 

0.455 

0.2310 

0.1290 

0.1225 

0.1086 

0.1290 

0.1290 

0.1290 

0.1290 

... 

0.2040 

0.478 

0.433 

0.2240 

0.1290 

0.1205 

0.1086 

0.1290 



0.1290 

0.1290 

... 

0.2090 

... 

0.411 

... 

0.1290 

0.1205 

... 

0.1208 

0.1290 

0.1290 

0.1290 

0.1290 

0.1509 

0.3076 

0.7224 

0.2777 

0.1597 

0.1294 

0.1195 

0.534 

0.552 

0.570 

0.570 

0.515 

0.667 

1.315 

3.  192 

1.187 

0.706 

0.572 

0.511 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1947-SEPTEMBER  1948. 


1 

0.1086 

0. 1290 

0.1290 

0.1290 

i) 

1290 

0.1290 

0.2430 

0.4230 

0.9370 

0.2460 

0.1510 

0.1290 

2 

0.1086 

0.1290 

0.1290 

0.1290 

n 

1290 

0.1290 

0.2490 

0.4290 

0.9030 

0.2460 

0.1510 

0.1290 

3 

0. 1086 

0.1290 

0. 1290 

0. 1290 

0 

1290 

0. 1290 

0.2550 

0.4350 

0.8370 

0.2310 

0.  1510 

0. 1290 

4 

0.1086 

0.1290 

0. 1290 

0. 1290 

0 

1290 

0.1290 

0.2610 

0.4480 

0.7430 

0.2160 

0. 1570 

ii.  l."in 

5 

0. 1086 

0.1290 

0.1290 

0. 1290 

0 

1290 

0. 1290 

0.2670 

0.5250 

0.6850 

0.2160 

0. 1760 

0.1290 

6 

0. 1086 

0.1290 

0. 1290 

0.  1290 

0. 

1290 

0. 1290 

0.2730 

0.5500 

0.6290 

0.2160 

0. 1570 

0. 1290 

7 

0.1086 

0.1290 

0.1290 

0.1290 

0 

1290 

0. 1290 

0.2790 

0.6290 

0.5760 

0.2190 

0.  1510 

0. 1290 

8 

0.1086 

0.1290 

0.1290 

0. 1290 

II 

1290 

0.1290 

0.2850 

0.6560 

0.5500 

0.2190 

0. 1510 

0.1290 

9 

0.1086 

0.1290 

0.1290 

0.1290 

0. 

1290 

0.1290 

0.2910 

0.6560 

0.5250 

0.2190 

0.1400 

0.1290 

10 

0.1086 

0.1290 

0.1290 

0.1290 

0 

1290 

0. 1290 

0.2970 

0.6020 

0.4780 

0.2160 

0. 1400 

0.1310 

11 

0.1086 

0.1290 

0.1290 

0.1290 

I) 

1290 

0. 1290 

0.3030 

0.5500 

0.4550 

0.2160 

0. 1540 

0.1310 

12 

0.1086 

0.1290 

0. 1290 

0. 1290 

0 

1290 

0.1290 

0.3090 

0.5630 

0.4550 

0.2020 

0. 1540 

0.1340 

13 

0.1086 

0. 1290 

0.1290 

0.1290 

0 

1290 

0. 1290 

0.3150 

0.6290 

0.4330 

0.2020 

0.  1540 

0.1360 

14 

0.1086 

0.1290 

0.1290 

0.1290 

0 

1290 

0. 1350 

0.3210 

0.6560 

0.4110 

0. 1980 

0. 1400 

0. 1400 

15 

0.1290 

0.1290 

0.1290 

0.1290 

0 

1290 

0.  1410 

0.3270 

0.8370 

0.3900 

0.1890 

0. 1290 

0.1290 

16 

0. 1290 

0. 1290 

0. 1290 

0.1290 

0. 

1290 

0. 1470 

0.3330 

1. 1980 

0.3600 

0. 1890 

0.1290 

0.1290 

17 

0.1290 

0.1290 

0.1290 

0. 1290 

0 

1290 

0.15  30 

0.3390 

1.2380 

0.3320 

0.1820 

0.1290 

0.1290 

18 

0. 1290 

0. 1290 

0.1290 

0.1290 

II 

1290 

0.  1590 

0.3450 

1.2380 

0.3130 

0.1820 

0.1400 

0.1400 

19 

0.1290 

0.1290 

0.1290 

0.1290 

0. 

1290 

0.1650 

0.3510 

1.2380 

0.3050 

0.1890 

0.1340 

0.1450 

20 

0.1290 

0. 1290 

0.1290 

0.1290 

II 

1290 

0. 1710 

0.3570 

1.4080 

0.3050 

0.1890 

0.1290 

0.1400 

21 

0.1290 

0.  1290 

0.1290 

0. 1290 

0. 

1290 

0. 1770 

0.3630 

1.3640 

0.4010 

0. 1760 

0. 1290 

0.1450 

22 

0.1290 

0.1290 

0.1290 

0.1290 

0. 

1290 

0. 1830 

0.3690 

1.2790 

0.3510 

0. 1760 

0.1300 

0.1450 

23 

0.1290 

0.1290 

0.1290 

0. 1290 

0. 

1290 

0.1890 

0.3750 

1.2380 

0.3130 

0.1760 

0.1290 

0.1450 

24 

0.1290 

0.1290 

0.1290 

0.1290 

0 

1290 

0. 1950 

0.3810 

1.1980 

0.3050 

0.1760 

0.1290 

0.1450 

25 

0.1290 

0.1290 

0.1290 

0.1290 

0. 

1290 

0.2010 

0.3870 

1.1980 

0.2960 

0.1760 

0.1510 

0.  1450 

26 

0.1290 

0. 1290 

0.1290 

0.1290 

0 

1290 

0.2070 

0.39  30 

1.1580 

0.2620 

0.1630 

0.1510 

0.1450 

27 

0. 1290 

0.1290 

0.1290 

0.1290 

0. 

1290 

0.2130 

0.3990 

1.1980 

0.2620 

0.1630 

0. 1400 

0.1450 

28 

0.1290 

0.1290 

0.1290 

0. 1290 

0. 

1290 

0.2190 

0.4050 

1.2380 

0.2460 

0.1660 

0.1400 

0.1420 

29 

0. 1290 

0.1290 

0.1290 

0.1290 

0. 

1290 

0.2250 

0.4110 

1.1980 

0.2390 

0.1660 

0.1400 

0.1420 

30 

0.1290 

0.1290 

0.1290 

0.1290 



0.2310 

0.4170 

1. 1200 

0.2460 

0.1570 

0. 1290 

0.  1410 

31 

0.1290 



0.1290 

0.1290 

— 

0.2370 



1.0080 



0.1510 

0.1290 



Average  rate,  cfs 

0.1198 

0.1290 

0.1290 

0.1290 

0. 

1290 

0.1621 

0.3300 

0.9066 

0.4514 

0. 1945 

0.1424 

0.1362 

Total  yield,  inches 

0.529 

0.552 

0.570 

0.570 

11 

533 

0.716 

1.411 

4.006 

1.930 

0.859 

0.629 

0.582 

Average  annual  rate: 

0.2466 

cfs 

Total  annual  yield: 

11.150  area  inches 

Peak  flow: 

MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1948-SEPTEMBER  1949. 


1 

0.1290 

0.1340 

0.1290 

0.1290 

0. 1290 

0.1290 

0. 1630 

0.9030 

0.8530 

0.2360 

0.1760 

0.1570 

2 

0.1290 

0.1400 

0.1290 

0.1290 

0.1290 

0.1290 

0.1780 

0.8370 

0.8050 

0.2330 

0. 1760 

0.1520 

3 

0.1290 

0.1340 

0.1290 

0.1290 

0.1290 

0.1290 

0.1890 

0.8860 

0.7140 

0.2310 

0.1720 

0.1520 

4 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.2020 

0.9550 

0.6560 

0.2280 

0.1720 

0.1520 

5 

0.  1510 

0.1290 

0.1290 

0. 1290 

0.1290 

0. 1290 

0.2240 

0.9370 

0.6020 

0.2260 

0.1720 

0. 1520 

6 

0.1510 

0.1290 

0.1290 

0.  1290 

0. 1290 

0.1290 

0.2360 

0.8700 

0.5630 

0.2240 

0.1720 

0.1520 

7 

0.1510 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.3600 

0.9030 

0.5250 

0.2240 

0.1760 

0.1520 

8 

0.1510 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.3900 

0.9030 

0.5130 

0.2240 

0.1760 

0. 1520 

9 

0.1510 

0.1290 

0.1290 

0.1290 

0.1290 

0. 1290 

0.5130 

0.8370 

0.4780 

0.2240 

0.1760 

0.1520 

10 

0.1510 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.5630 

0.8370 

0.4550 

0.2160 

0.1820 

0.1520 

11 

0.1450 

0.1290 

0.1290 

0.1290 

0. 1290 

0. 1290 

0.6560 

0.8860 

0.4330 

0.2160 

0.1630 

0.  1520 

12 

0.1360 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.7140 

0.9370 

0.4330 

0.2020 

0.1630 

0.1590 

13 

0.1360 

0.1290 

0.1290 

0. 1290 

0.1290 

0.1290 

1.0790 

0.9720 

0.4030 

0.1980 

0.1630 

0.1590 

14 

0.1570 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.1040 

0.9720 

0.3900 

0.1980 

0.1760 

0.1590 

15 

0.1890 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.1290 

0.9370 

0.3700 

0.1980 

0.1760 

0.1570 

16 

0.  1570 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.1540 

0.9030 

0.3600 

0.1950 

0.1760 

0.1560 

17 

0.1510 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.1790 

1.2790 

0.3510 

0.1890 

0.1760 

0.1560 

18 

0. 1400 

0.1290 

0.1290 

0. 1290 

0.1290 

0.1290 

1.2040 

1.2790 

0.3410 

0.1890 

0.1760 

0.1560 

19 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.2290 

1.2790 

0.3230 

0.1890 

0.1760 

0.1560 

20 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.2540 

1.3210 

0.3130 

0.1890 

0.1760 

0. 1560 

21 

0.1290 

0.1290 

0.1290 

0.  1290 

0.1290 

0.1290 

1.2600 

1.4520 

0.3050 

0.1890 

0. 1690 

0.1420 

22 

0.1290 

0. 1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.2740 

1.5440 

0.2960 

0.1890 

0.1690 

0.1420 

23 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.3290 

1.5440 

0.2960 

0.1890 

0.1890 

0.1420 

24 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0. 1290 

1.3390 

1.5210 

0.2790 

0.1890 

0.1760 

0. 1420 

25 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0. 1290 

1.3510 

1.4300 

0.2620 

0.1890 

0.1630 

0. 1420 

26 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.1200 

1.3430 

0.2620 

0.1890 

0.1630 

0.1420 

27 

0.1340 

0.1290 

0.1290 

0.  1290 

0.1290 

0.1290 

1.0820 

1.2380 

0.2460 

0.1890 

0.1630 

0.1420 

28 

0.1400 

0.1290 

0.1290 

0.1290 

0.1290 

0.1290 

1.1580 

1.1580 

0.2430 

0.1890 

0.1630 

0.  1510 

29 

0.  1400 

0.1290 

0.1290 

0.1290 



0.1290 

1.0440 

1.0440 

0.2410 

0.1890 

0.1630 

0.1510 

30 

0.1400 

0.1290 

0.1290 

0.1290 



0.1290 

0.9550 

0.9550 

0.2380 

0.1890 

0. 1630 

0.1400 

31 

0.1340 



0.1290 

0.1290 



0.1290 



0.9370 



0.1760 

0.1630 



Average  rate,  cfs 

0.1404 

0.1297 

0.1290 

0.1290 

0.1290 

0.1290 

0.8543 

1.0903 

0.4183 

0.2031 

0.1715 

0.1509 

Total 

yield,  inches   0.620 

0.555 

0.570 

0.570 

0.515 

0.570 

3.653 

4.817 

1.789 

0.897 

0.758 

0.645 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2866  cfs 
15.959  area  inches 


57 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1949-SEPTEMBER  1950. 
OCT      NOV      DEC      JAN       FEB      MAR       APR       MAY      JUNE     JULY 


1 

: 
3 
4 
5 

h 
7 
8 
9 

Hi 

1  1 
12 
13 
L4 

is 

ii, 
17 
18 
19 
20 

2] 

-V 
23 
24 

26 

27 
28 
29 

id 
i! 

Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2620 

0.6990 

0.2190 

0.1570 

0.1430 

0.2460 

0.6560 

0.2130 

0.1560 

0.1430 

0.2390 

0.7140 

0.2110 

0.1550 

0.1430 

0.2460 

0.7140 

0.2120 

0.1540 

0.1430 

0.2310 

0.7140 

0.2090 

0.1530 

0.1430 

0.2310 

0.6700 

0.2020 

0.1520 

0.1430 

0.2310 

0.6290 

0.2020 

0.1510 

0.1430 

0.2310 

0.6290 

0.2120 

0.1490 

0.1400 

0.2310 

0.5500 

0.1980 

0.1470 

0.1400 

0.2460 

0.5250 

0.1990 

0.1490 

0.1400 

0.3900 

0.5010 

0.  1970 

0.1490 

0.1400 

0.4110 

0.4660 

0.1890 

0.1450 

0.1400 

0.5250 

0.4550 

0.1860 

0.1480 

0.1400 

0.6290 

0.4330 

0.1850 

0.1450 

0.1430 

0.7140 

0.4010 

0.1790 

0. 1440 

0.1500 

0.7890 

0.3600 

0.1720 

0. 1440 

0.1430 

0.8700 

0.3700 

0.1690 

0.1430 

0.1410 

0.9370 

0.3510 

0.1720 

0.1430 

0.1400 

0.9900 

0.3320 

0.1690 

0.1480 

0.1400 

0 

3130 

0.9720 

0.3130 

0.1690 

0.1490 

0.1400 

0 

3700 

0.9720 

0.2990 

0.1690 

0.1490 

0.1420 

0 

4110 

0.9370 

0.2960 

0.1690 

0.1440 

0.1420 

0 

4110 

0.9480 

0.2960 

0.1690 

0.  1430 

0.1420 

0 

3900 

1.0080 

0.2790 

0.1690 

0.1450 

0.1420 

0 

3510 

1.0080 

0.2700 

0.1690 

0.1430 

0.1420 

0 

3410 

1.0080 

0.2610 

0. 1690 

0.1430 

0.1400 

0 

3320 

0.9720 

0.2390 

0.1690 

0.1430 

0.1400 

0 

3050 

0.9030 

0.2310 

0.1690 

0.1430 

0.1400 

0 

2960 

0.8370 

0.2280 

0.1620 

0.1430 

0.1400 

0 

2620 

0.8050 

0.2250 

0.1570 

0.1430 

0.1480 



0.7740 



0.  1570 

0.1430 



0.6380 

0.4369 

0. 1840 

0.1470 

0.1420 

2.821 

1.868 

0.811 

0.650 

0.607 

MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1950-SEPTEMBER  1951. 


1 

0.1470 

0.1400 

0.1270 

0. 1270 

0.  1270 

0.1270 

0.1270 

0.7390 

0.6900 

0.2020 

0.1540 

0.1390 

2 

0.1470 

0.1490 

0. 1270 

0. 1270 

0. 1270 

0. 1270 

0.12  70 

0.3690 

0.6290 

0.1970 

0.1500 

0.1390 

3 

0.1450 

0.1410 

0.1270 

0. 1270 

0.1270 

0. 1270 

0. 1270 

0.7990 

0.5760 

0.1930 

0.1680 

0.1380 

4 

0.1440 

0. 1400 

0.1270 

0. 1270 

0. 1270 

0. 1270 

0.1270 

0.8290 

0.5300 

0.1890 

0.1950 

0.1380 

ri 

0.1430 

0.1380 

0. 1270 

0. 1270 

0.1270 

0. 1270 

0.1320 

0.8590 

0.4960 

0.1860 

0.1720 

0.1360 

6 

0. 1450 

0. 1360 

0.1270 

0.1270 

0. 1270 

0. 1270 

0.1470 

0.8890 

0.4730 

0.1810 

0.1630 

0.1340 

7 

0. 1440 

0.1360 

0.1270 

0.1270 

0.1270 

0.1270 

0.1690 

0.9190 

0.4200 

0.1790 

0.1490 

0.1340 

H 

0. 1440 

0.1400 

0. 1270 

0. 1270 

0.1270 

0. 1270 

0.1890 

0.9490 

0.4280 

0.1760 

0.1490 

0.1340 

9 

0.1440 

0.1340 

0. 1270 

0.  1270 

0.1270 

0.1270 

0.2160 

0.9790 

0.4050 

0.1760 

0.1480 

0.1320 

in 

0.1430 

0.1280 

0.1270 

0.1270 

0. 1270 

0.1270 

0.2340 

1.0090 

0.3990 

0.1780 

0.1480 

0.1300 

11 

0.1450 

0. 1310 

0.  1270 

0. 1270 

0.1270 

0. 1270 

0.2160 

1.0150 

0.3740 

0.1770 

0.1450 

0.1340 

12 

0.1450 

0.1330 

0. 1270 

0. 1270 

0.1270 

0.1270 

0.2130 

0.9550 

0.3560 

0.1770 

0.1430 

0.1360 

13 

0.1440 

0. 1320 

0. 1270 

0.1270 

0.  1270 

0.  1270 

0.2280 

0.9100 

0.3350 

0.1740 

0.1410 

0.1340 

14 

0.1440 

0.1360 

0. 1270 

0. 1270 

0.1270 

0. 1270 

0.2700 

0.8700 

0.3230 

0.1710 

0.1410 

0.1320 

15 

0.1450 

0.1380 

0.1270 

0.1270 

0. 12  70 

0.1270 

0.2840 

0.8430 

0.3080 

0.1690 

0.1410 

0.1310 

If, 

0.1480 

0. 1340 

0.1270 

0.1270 

0.1270 

0.1270 

0.2890 

0.7990 

0.3030 

0.1610 

0.1400 

0.1330 

1/ 

0. 1440 

0.1320 

0.1270 

0. 1270 

0.1270 

0.1270 

0.3190 

0.7800 

0.2910 

0.1610 

0.1400 

0.1290 

i,s 

0.1440 

0.1420 

0.1270 

0.1270 

0.1270 

0.1270 

0.3490 

0.7800 

0.2820 

0.1590 

0.1400 

0.1270 

19 

0. 1440 

0. 1860 

0.1270 

0.1270 

0.1270 

0. 1270 

0.3790 

0.8050 

0.2700 

0.  1570 

0.1630 

0.1260 

.'ii 

0.14  30 

0.1510 

0. 1270 

0.1270 

0.1270 

0.1270 

0.4090 

0.8270 

0.2620 

0.1610 

0. 1510 

0.1260 

21 

0.1430 

0.2310 

0.1270 

0.  1270 

0.1270 

0.1270 

0.4390 

0.8530 

0.2590 

0.1630 

0.1470 

0.1300 

22 

0.1430 

0.1630 

0.1270 

0.1270 

0. 1270 

0. 1270 

0.4690 

0.8900 

0.2480 

0.1710 

0.1420 

0.1310 

0.1430 

0.1440 

0.1270 

0.1270 

0.1270 

0.1270 

0.4990 

0.9130 

0.2420 

0.1610 

0.1380 

0.1300 

.". 

0. 1400 

0.1360 

0.1270 

0.1270 

0.1270 

0.1270 

0.5290 

0.9300 

0.2340 

0.1570 

0.1380 

0.1280 

25 

0.1390 

0. 1320 

0.1270 

0.1270 

0.1270 

0.1270 

0.5590 

0.9300 

0.2310 

0.1540 

0.1380 

0.1270 

!6 

0.1390 

0.1300 

0.1270 

0.  1270 

0. 1270 

0.1270 

0.5890 

0.9200 

0.2250 

0.1520 

0.1380 

0.1280 

27 

0.1510 

0.1300 

0.1270 

0.1270 

0.1270 

0.1270 

0.6190 

0.9000 

0.2150 

0.1510 

0.1380 

0.1290 

28 

0.1420 

0.1290 

0.1270 

0.1270 

0.1270 

0.-1270 

0.6490 

0.8760 

0.2120 

0.1560 

0.1450 

0.1320 

■; 

0.1390 

0.1270 

0.1270 

0.  1270 



0.1270 

0.6790 

0.8370 

0.2090 

0.1630 

0.1380 

0.1380 

10 

0.1380 

0.1270 

0.1270 

0.1270 



0.1270 

0.7090 

0.7890 

0.2060 

0.1660 

0.1400 

0.1290 

31 

0.1430 



0.1270 

0.1270 



0.1270 



0.7430 



0.1610 

0.1450 



Avera 

ge  rate,  cfs 

0.  1436 

0.1415 

0. 1270 

0.1270 

0. 1270 

0.1270 

0.3430 

0.8680 

0.3480 

0.1700 

0.1480 

0.1320 

Total 

yield,  inches 

0.634 

0.605 

0.561 

0.561 

0.507 

0.561 

1.467 

3.835 

1.487 

0.752 

0.654 

0.565 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2330  cfs 
12.  189  area  inches 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  195 1-SEPTEMBER  1952. 


DAY 


1 

0.1290 

0.1140 

0.1200 

0.1080 

0.1080 

0.1000 

0.0760 

1.1120 

1.0330 

0.2960 

0.2960 

0.2390 

2 

0.1300 

0.1190 

0.1190 

0.1080 

0.1080 

0.1000 

0.0770 

1 . 3000 

0.9510 

0.2940 

0.2750 

0.2390 

3 

0.1670 

0.1200 

0.1200 

0.1080 

0.1080 

0.0990 

0.0780 

1.4660 

0.8960 

0.2910 

0.2740 

0.2360 

4 

0.1630 

0.1220 

0.1200 

0.1080 

0.1080 

0.0980 

0.0820 

1.5580 

0.8110 

0.2850 

0.2670 

0.2340 

5 

0.1440 

0.1190 

0. 1190 

0.1080 

0.1080 

0.0970 

0.0900 

1.6000 

0.7890 

0.2790 

0.2670 

0.2310 

6 

0.1410 

0.1190 

0.  1190 

0.1080 

0.1080 

0.0960 

0. 1090 

1.5910 

0.7430 

0.2750 

0.2700 

0.2310 

7 

0.1350 

0.1190 

0.1180 

0.1080 

0.1070 

0.0950 

0.1630 

1.5530 

0.6700 

0.2750 

0.2670 

0.2280 

8 

0.1340 

0.1200 

0.1180 

0.1080 

0.1070 

0.0940 

0.2050 

1.5440 

0.6020 

0.2720 

0.2740 

0.2280 

9 

0.1350 

0.1200 

0.1180 

0.1080 

0.1070 

0.0930 

0.2470 

1.4980 

0.5760 

0.2720 

0.2650 

0.2260 

10 

0.1340 

0.1190 

0.1180 

0.1080 

0.1070 

0.0920 

0.2890 

1.4610 

0.5550 

0.2720 

0.2770 

0.2270 

11 

0.1310 

0.1290 

0.1180 

0.1080 

0.1070 

0.0910 

0.3310 

1.4390 

0.5380 

0.2700 

0.2620 

0.2360 

12 

0. 1330 

0.1220 

0.1180 

0.1080 

0.1060 

0.0900 

0.3730 

1.4610 

0.5250 

0.2720 

0.2610 

0.2310 

13 

0.1320 

0.1290 

0.1180 

0.1080 

0.1060 

0.0890 

0.4150 

1.5480 

0.4850 

0.2670 

0.2590 

0.2290 

14 

0.1300 

0.1270 

0.1170 

0.1080 

0.1060 

0.0880 

0.4570 

1.6100 

0.4530 

0.2670 

0.2540 

0.2270 

15 

0.1280 

0.1240 

0.1150 

0.1080 

0.1060 

0.0870 

0.4990 

1.6140 

0.4440 

0.2650 

0.2540 

0.2270 

16 

0.1300 

0.1220 

0.1100 

0.1080 

0.1050 

0.0860 

0.5410 

1.5810 

0.4390 

0.2620 

0.2540 

0.2250 

17 

0.1290 

0.1220 

0.1100 

0.1080 

0.1050 

0.0850 

0.5830 

1.4570 

0.4280 

0.2670 

0.2540 

0.2250 

18 

0. 1270 

0.1220 

0.1100 

0.1080 

0.1050 

0.0840 

0.6250 

1.3210 

0.3990 

0.2690 

0.2540 

0.2220 

19 

0. 1270 

0.1250 

0.1090 

0.1080 

0.1040 

0.0830 

0.6670 

1.2380 

0.3860 

0.2740 

0.2460 

0.2190 

20 

0.1280 

0.1290 

0.1090 

0.1080 

0.1040 

0.0820 

0.7090 

1.2510 

0.3800 

0.2750 

0.2450 

0.2160 

21 

0.1280 

0.1250 

0. 1100 

0.1080 

0. 1040 

0.0810 

0.7510 

1.2460 

0.3760 

0.2740 

0.2450 

0.2160 

22 

0.1270 

0.1220 

0.1090 

0.1080 

0.1040 

0.0800 

0.7930 

1.2670 

0.3740 

0.2700 

0.2450 

0.2160 

23 

0.1270 

0.1200 

0.1100 

0.1080 

0.1030 

0.0790 

0.8350 

1.2750 

0.3700 

0.2690 

0.2490 

0.2160 

24 

0.1260 

0.1200 

0.1090 

0.1080 

0.1030 

0.0780 

0.8770 

1.2420 

0.4110 

0.2680 

0.2460 

0.2150 

25 

0.1270 

0. 1190 

0.1090 

0.1080 

0. 1030 

0.0770 

0.9190 

1.2100 

0.3660 

0.2660 

0.2460 

0.2150 

26 

0.1250 

0.1190 

0.1090 

0.1080 

0.1020 

0.0760 

0.9610 

1.1900 

0.3470 

0.2650 

0.2460 

0.2130 

27 

0.1250 

0.1190 

0.1080 

0.1080 

0.1020 

0.0780 

1.0030 

1.1900 

0.3320 

0.2640 

0.2430 

0.2090 

28 

0.1250 

0.1190 

0. 1070 

0.1080 

0.1020 

0.0800 

1.0450 

1.1900 

0.3230 

0.2630 

0.2420 

0.2090 

29 

0.1250 

0.1200 

0.1090 

0.1080 

0.1010 

0.0900 

1.0890 

1.1780 

0.3170 

0.2620 

0.2430 

0.2090 

30 

0.1220 

0.1190 

0.1080 

0.1080 



0.0890 

1.0370 

1.1390 

0.3170 

0.2700 

0.2400 

0.2050 

31 

0.1200 



0.1080 

0.1080 



0.0780 



1.1010 



0.2740 

0.2390 



Avera 

ge  rate,  cfs 

0. 1320 

0.1220 

0.1140 

0.1080 

0.1090 

0.0880 

0.5310 

1.3690 

0.5210 

0.2720 

0.2570 

0.2230 

Total 

yield,  inches 

0.582 

0.519 

0.502 

0.477 

0.435 

0.387 

2.270 

6.048 

2.228 

1.204 

1.134 

0.955 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.3200  cfs 
16.781  area  inches 


DAY 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1952-SEPTEMBER  1953. 


1 

0.2150 

0.1740 

0.1470 

2 

0.2150 

0. 1720 

0.1470 

3 

0.2120 

0.1710 

0.1470 

4 

0.2110 

0.1660 

0.1470 

5 

0.2110 

0.1660 

0.  14  30 

6 

0.2110 

0.1660 

0.1410 

7 

0.2090 

0.1660 

0.1400 

8 

0.2080 

0.1640 

0.1400 

9 

0.2040 

0.1590 

0.1400 

10 

0.2020 

0.1580 

0.1400 

11 

0.2020 

0.1590 

0.1390 

12 

0.2020 

0.1620 

0.1350 

13 

0.1990 

0.1610 

0.1350 

14 

0.1980 

0.1610 

0.1330 

15 

0.1980 

0.1610 

0.1330 

16 

0.1980 

0.1620 

0.1330 

17 

0.1980 

0.1610 

0.1330 

18 

0.1950 

0. 1570 

0.1330 

19 

0.1940 

0.1560 

0.1300 

20 

0.1930 

0.1550 

0.1290 

21 

0.1930 

0. 1520 

0.1290 

22 

0.1890 

0.1500 

0.1280 

23 

0.1860 

0.1490 

0.1280 

24 

0.1850 

0.1490 

0.1280 

25 

0.1830 

0.1490 

0. 1270 

26 

0.1820 

0.1490 

0.1260 

27 

0.1810 

0.1490 

0.1260 

28 

0.1790 

0.1490 

0.1260 

29 

0.1790 

0.1490 

30 

0.1780 

0.1480 

31 

0.1740 



Average 

rate,  cfs 

0.1960 

0.1580 

Total  y 

ield,  inches   0.867 

0.677 

0.1550 

0.3900 

0.8730 

0.3280 

0 

1830 

0 

1580 

0.1500 

0.3340 

0.8700 

0.3130 

0 

2050 

0 

1570 

0.1500 

0.2970 

0.8730 

0.3010 

0 

1780 

0 

1620 

0.1510 

0.2970 

0.8960 

0.2940 

0 

1720 

0 

1570 

0.1510 

0.3450 

0.9100 

0.2820 

0 

1690 

0 

155tt 

0.1440 

0.4110 

0.9370 

0.2750 

0 

1640 

0 

1540 

0.1400 

0.4660 

0.9790 

0.2670 

0 

1660 

0 

1540 

0.1340 

0.4350 

0.9760 

0.2610 

0 

1730 

0 

1510 

0 

0950 

0.1290 

0.4090 

0.9860 

0.2510 

0 

1690 

0 

1550 

0 

0970 

0.1240 

0.3720 

1.0010 

0.2700 

0 

1640 

0 

1540 

0 

0980 

0. 1180 

0.3560 

1  .(1(110 

0.2540 

0 

1660 

0 

1570 

0 

0980 

0. 1140 

0.3510 

0.9760 

0.2400 

0 

1660 

0 

1550 

0 

0990 

0.1100 

0.3780 

0.9480 

0.2310 

0 

1660 

0 

1510 

0 

0990 

0.1100 

0.4110 

0.8760 

0.2190 

0 

1640 

0 

1510 

0 

0990 

0.1090 

0.4530 

0.8210 

0.2190 

0 

1620 

0 

1540 

0 

1000 

0.1180 

0.4890 

0.7620 

0.2130 

0 

1630 

0 

1510 

0 

1030 

0.1260 

0.5450 

0.7050 

0.2110 

0 

1620 

0 

1480 

0 

1040 

0.1200 

0.6150 

0.6510 

0.2050 

0 

1630 

0 

1500 

0 

1030 

0.1290 

0.7310 

0.6020 

0.2040 

0 

1630 

0 

1490 

0 

1040 

0.1820 

0.8370 

0.5580 

0.2010 

0 

1580 

0 

1430 

0 

1040 

0.2790 

0.8830 

0.5300 

0.1980 

0 

1590 

0 

1390 

0 

1020 

0.3900 

0.8930 

0.5010 

0.1910 

0 

1620 

0 

1430 

0 

1030 

0.5250 

0.8800 

0.4660 

0.1890 

0 

1580 

0 

1490 

0 

1090 

0.4660 

0.8180 

0.4460 

0.1830 

0 

1570 

0 

1500 

0 

1180 

0.4460 

0.8080 

0.4280 

0.1790 

0 

1570 

0. 

1470 

0 

1180 

0.5280 

0.8050 

0.4110 

0.1930 

0 

1570 

0. 

1450 

0 

1260 

0.5280 

0.8180 

0.5900 

0.1890 

0 

1570 

0. 

1450 

(1 

1450 

0.6430 

0.8210 

0.3740 

0.1850 

0 

1570 

0. 

1480 

0 

1660 

0.5380 

0.8400 

0.3560 

0.1790 

0 

1570 

0. 

1470 

0 

1680 

0.4660 

0.8600 

0.3370 

0. 1770 

0 

1560 

0. 

1450 

0 

1590 



0.8760 



0.1770 

0 

1550 

— 

0.2490 

0.5880 

0.7150 

0.2280 

0. 

1650 

0. 

1510 

1.065 

2.597 

3.056 

1.009 

0. 

728 

0. 

645 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


59 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  19  53-SEPTEMBER  1954. 


1 

0.1430 

0.1520 

0.1290 

0.1160 

0.1000 

0.0930 

0.0950 

0.1520 

0.0910 

0.0660 

0.0500 

0.0530 

2 

0. 1450 

0.1570 

0.  1290 

0.1160 

0.1000 

0.0910 

0.1090 

0.1510 

0.0900 

0.0680 

0.0500 

0.0470 

.1 

0.1470 

0.1570 

0.1290 

0.1100 

0.0990 

0.0910 

0.1190 

0.1430 

0.0940 

0.0670 

0.0500 

0.0470 

4 

0.1470 

0.1500 

0.1300 

0.1100 

0.0990 

0.0900 

0.1300 

0.1400 

0.0900 

0.0630 

0.0760 

0.0450 

5 

0.1440 

0.1560 

0.1290 

0.1100 

0.0990 

0.0900 

0.1390 

0.1390 

0.0990 

0.0630 

0.0600 

0.0420 

6 

0.1430 

0.1570 

0.1280 

0.1100 

0.0980 

0.0900 

0.  1190 

0.1390 

0.1040 

0.0630 

0.0530 

0.0430 

7 

0.1430 

0.1470 

0.1280 

0.  1110 

0.0980 

0.0900 

0.1190 

0.1310 

0.0970 

0.0630 

0.0540 

0.0430 

H 

0.1430 

0.1410 

0.1270 

0.1100 

0.0980 

0.0980 

0.1350 

0.1310 

0.0920 

0.0610 

0.0530 

0.0460 

' 

0.1430 

0.1410 

0.1260 

0.1090 

0.0980 

0.  1140 

0.1340 

0.1300 

0.0960 

0.0600 

0.0530 

0.0430 

in 

0.1410 

0.1420 

0.1270 

0.1090 

0.0980 

0.1040 

0.1390 

0.1300 

0.0920 

0.0590 

0.0570 

0.0420 

11 

0.1420 

0.1430 

0.1240 

0.1090 

0.0980 

0.0980 

0.1520 

0. 1290 

0.0900 

0.0570 

0.0570 

0.0420 

12 

0.1420 

0. 1450 

0.1240 

0.1090 

0.0990 

0.0960 

0.1830 

0.1280 

0.0890 

0.0570 

0.0590 

0.0440 

1  I 

0.1420 

0.1410 

0. 1240 

0.1090 

0.0990 

0.0940 

0.2490 

0.1260 

0.0860 

0.0570 

0.0570 

0.0430 

14 

0.1410 

0.1400 

0.1240 

0.1080 

0.0990 

0.0930 

0.2020 

0.1240 

0.0890 

0.0570 

0.0530 

0.0420 

15 

0.1410 

0. 1400 

0.1240 

0.1080 

0.0980 

0.0910 

0.1890 

0.1180 

0.0900 

0.0570 

0.0550 

0.0420 

16 

0.  1410 

0.  1410 

0. 1240 

0.1080 

0.0980 

0.0920 

0.1950 

0.1160 

0.0860 

0.0530 

0.0550 

0.0420 

17 

0.1410 

0. 1430 

0. 1240 

0.1080 

0.0980 

0.0930 

0.2020 

0.1140 

0.0820 

0.0550 

0.0550 

0.0430 

18 

0.1400 

0. 1380 

0. 1240 

0.1080 

0.0980 

0.0920 

0.2020 

0.1100 

0.0800 

0.0590 

0.0550 

0.0430 

14 

0. 1400 

0.1310 

0.1220 

0.1080 

0.0980 

0.0910 

0.1910 

0.1090 

0.0780 

0.0570 

0.0530 

0.0420 

20 

0.1420 

0.1300 

0.1190 

0. 1070 

0.0980 

0.0910 

0.1780 

0.1070 

0.0750 

0.0550 

0.0530 

0.0420 

21 

0.  1430 

0.1350 

0. 1180 

0.1060 

0.0980 

0.0910 

0.1660 

0.1230 

0.0740 

0.0550 

0.0560 

0.0420 

22 

0. 1420 

0.1400 

0.1160 

0.1060 

0.0970 

0.0910 

0.1620 

0.1140 

0.0740 

0.0550 

0.0590 

0.0480 

23 

0.1470 

0.1390 

0.1140 

0.1070 

0.0970 

0.0910 

0.1610 

0.1070 

0.0730 

0.0550 

0.0530 

0.0470 

0.1480 

0.1390 

0. 1120 

0. 1090 

0.0970 

0.0920 

0.1610 

0.1010 

0.0730 

0.0550 

0.0550 

0.0480 

25 

0. 1420 

0.  1390 

0.1100 

0. 1070 

0.0970 

0.0910 

0.1620 

0.1020 

0.0700 

0.0600 

0.0610 

0.0460 

.'i. 

0. 1400 

0. 1400 

0.1120 

0. 1040 

0.0940 

0.0900 

0.1620 

0.1010 

0.0820 

0.0650 

0.0730 

0.0460 

27 

0. 1400 

0. 1380 

0.1160 

0.1050 

0.0930 

0.0900 

0.1620 

0.0980 

0.0810 

0.0570 

0.0700 

0.0460 

28 

0.1450 

0.1360 

0.1160 

0. 1070 

0.0930 

0.0900 

0.1760 

0.0980 

0.0730 

0.0530 

0.0770 

0.0460 

29 

0.1500 

0.1330 

0.1160 

0.1070 



0.0910 

0.1590 

0.0970 

0.0680 

0.0530 

0.0680 

0.0470 

10 

0.1500 

0.1290 

0.1150 

0.1060 



0.0900 

0.1630 

0.0970 

0.0640 

0.0520 

0.0630 

0.0470 

31 

0.1490 



0.1150 

0.1030 



0.0890 



0.0940 



0.0500 

0.0580 



Average   rate,    cfs 

0.1440 

0. 1420 

0.1220 

0.1080 

0.0980 

0.09  30 

0.1600 

0.1190 

0.0840 

0.0580 

0.0580 

0.0450 

Total   yield,    inches 

0.634 

0.607 

0.538 

0.477 

0.390 

0.411 

0.686 

0.527 

0.360 

0.258 

0.257 

0.191 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1030  cfs 
5.336  area  inches 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1954-SEPTEMBER  1955. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUNE     JULY 


1 

0.0468 

0.0485 

0.0434 

0.0417 

2 

0.0445 

0.0479 

0.04  34 

0.0417 

3 

0.0456 

0.0479 

0.0473 

0.0417 

4 

0.0528 

0.0473 

0.0509 

0.0417 

r) 

0.0473 

0.0473 

0.0473 

0.0417 

6 

0.0456 

0.0473 

0.04  7  3 

0.0417 

7 

0.0456 

0.04  7  3 

0.0462 

0.0417 

H 

0.0528 

0.0473 

0.0462 

0.0417 

9 

0.0485 

0.0473 

0.0462 

0.0417 

in 

0.0485 

0.0479 

0.0468 

0.0417 

11 

0.0485 

0.0566 

I.U'.I... 

0.0417 

L2 

0.0491 

0.0821 

0.0462 

0.0417 

1  1 

0.0534 

0.0566 

0.0462 

0.0417 

14 

0.0491 

0.0515 

0.04  50 

15 

0.0491 

0.0626 

0.0450 

16 

0.0491 

0.0668 

0.0450 

1  / 

0.0491 

0.0522 

0.0450 

18 

0.0491 

0.0503 

0.0450 

l'i 

0.0491 

0.0479 

0.0450 

20 

0.0491 

0.0473 

0.0450 

.'l 

0.0491 

0.0473 

0.044  5 

22 

0.0491 

0.0473 

0.0445 

.'  i 

0.0491 

0.0473 

0.0439 

24 

0.0503 

0.0473 

0.0450 

25 

0.0497 

0.0473 

0.04  34 

.''i 

0.0491 

0.0462 

0.0417 

il 

0.0485 

0.0434 

0.0417 

28 

0.0485 

0.0417 

0.0417 

29 

0.0485 

0.0385 

0.0417 

30 

0.0479 

0.0428 

0.0417 

11 

O-.0485 



0.04  17 

'     rate,    cfs 

0.0487 

0.0500 

0.0448 

Total    yield,    inches 

0.215 

0.214 

0.198 

0.0401 

0.2370 

0.2590 

0.1165 

0.0567 

0.0445 

0.0401 

0.2240 

0.2460 

0.1115 

0.0559 

0.0450 

0.0385 

0.2110 

0.2510 

0.1096 

0.0534 

0.0445 

0.0380 

0.2430 

0.2390 

0.1057 

0.0528 

0.0428 

0.0380 

0.3050 

0.2290 

0.1029 

0.0534 

0.0422 

0.0380 

0.3600 

0.2210 

0.1011 

0.0547 

0.0422 

0.0401 

0.3900 

0.2160 

0.0984 

0.0566 

0.0434 

0.0428 

0.4010 

0.2120 

0.0975 

0.0515 

0.0428 

0.0465 

0.4030 

0.2090 

0.0939 

0.0534 

0.0428 

0.0522 

0.4010 

0.2060 

0.0887 

0.0491 

0.0434 

0.0456 

0.4110 

0.2040 

0.0904 

0.0485 

0.0422 

0.0428 

0.4220 

0.1990 

0.0837 

0.0479 

0.0422 

0.0473 

0.4460 

0.1950 

0.0789 

0.0528 

0.0428 

0.0606 

0.4370 

0.2050 

0.0773 

0.0503 

0.0428 

0.0633 

0.4090 

0.1890 

0.0727 

0.0479 

0.0450 

0.0697 

0.3950 

0.2010 

0.0705 

0.0503 

0.0473 

0.0870 

0.3860 

0.1830 

0.0683 

0.0540 

0.0503 

0.0904 

0.3700 

0.1740 

0.0676 

0.0540 

0.0579 

0.0781 

0.3680 

0.1690 

0.0640 

0.0509 

0.0497 

0.0797 

0.3600 

0.1630 

0.0661 

0.0485 

0.0497 

0.0887 

0.3660 

0.1580 

0.0683 

0.0485 

0.0491 

0.0922 

0.3490 

0.1550 

0.0676 

0.0479 

0.0509 

0.0870 

0.3370 

0.1490 

0.0633 

0.0479 

0.0503 

0.1048 

0.3390 

0.1480 

0.0676 

0.0491 

0.0676 

0 

0375 

0.1670 

0.3300 

0. 1430 

0.0750 

0.0534 

0.0735 

u 

0380 

0.1950 

0.3170 

0.1380 

0.0668 

0.0491 

0.0566 

0 

0380 

0.1450 

0.2990 

0.1340 

0.0606 

0.0479 

0.0509 

0 

0380 

0. 1300 

0.2850 

0.  1215 

0.0598 

0.0473 

0.0509 

0 

0411 

0.1450 

0.2770 

0.1256 

0.0590 

0.0462 

0.0522 

0 

0385 

0. 1830 

0.2700 

0.1225 

0.0582 

0.0445 

0.0528 

0 

0380 



0.2700 



0.0575 

0.0439 



0.0806 

0.3425 

0.1855 

0.0796 

0.0506 

0.0486 

0.344 

1.513 

0.793 

0.352 

0.223 

0.208 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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MORRIS    DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1955   -    SEPTEMBER    1950 


DAY 


OCT 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

24 
25 

26 
27 
28 
29 
30 
31 

Average   rate,    cfs 
Total   yield,    inches 


0.0528 
0.0515 
0.0503 
0.0473 
0.0473 

0.0473 
0.0473 
0.0473 
0.0473 
0.0473 

0.0473 
0.0473 
0.0473 
0.0473 
0.0473 

0.0473 
0.0473 


0.0654 

0.0434 

0.0975 

0.3390 

0.2840 

0.1020 

0.0668 

0.0661 

0.0654 

0.0434 

0.0966 

0.3390 

0.2720 

0.0993 

0.0640 

0.0633 

0.0654 

0.0456 

0.0922 

0.3390 

0.2610 

0.0966 

0.0668 

0.0633 

0.0654 

0.0479 

0.0879 

0.3510 

0.2490 

0.0939 

0.0647 

0.0626 

0.0654 

0.0445 

0.0837 

0.3540 

0.2400 

0.0904 

0.0619 

0.0640 

0.0654 

0.0434 

0.0813 

0.3490 

0.2290 

0.0896 

0.0612 

0.0668 

0.0654 

0.0422 

o.om 

0.3470 

0.2210 

0.0870 

0.0626 

0.0640 

0.0654 

0.0417 

0.0821 

0.3470 

0.2110 

0.0862 

0.0619 

0.0683 

0.0654 

0.0417 

0.0854 

0.3470 

0.2020 

0.0837 

0.0612 

0.0654 

0.0654 

0.0422 

0.1086 

0.3560 

0.1910 

0.0821 

0.0606 

0.0640 

0.0654 

0.0417 

0.1330 

0.3660 

0.1860 

0.0870 

0.0633 

0.0640 

0.0683 

0.0417 

0.1430 

0.3680 

0.1790 

0.0862 

0.0647 

0.0633 

0.0668 

0.0417 

0.1430 

0.3580 

0.1730 

0.0871 

0.0626 

0.0633 

0.0654 

0.0422 

0.1400 

0.3510 

0.1670 

0.0765 

0.0640 

0.0640 

0.0647 

0.0422 

0.1450 

0.3580 

0.1710 

0.0765 

0.0633 

0.0640 

0.0647 

0.0439 

0.1630 

0.3700 

0.1640 

0.0750 

0.0633 

0.0640 

0.0647 

0.0428 

0.1890 

0.3700 

0.1570 

0.0742 

0.0626 

0.0633 

0.0647 

0.0417 

0.2090 

0.3720 

0.1510 

0.0727 

0.0626 

0.0654 

0 

0821 

0.0647 

0.0428 

0.2210 

0.3800 

0.1440 

0.0727 

0.0606 

0.0654 

0 

0821 

0.0661 

0.0434 

0.2280 

0.3800 

0.1420 

0.0712 

0.0612 

0.0654 

0 

0781 

0.0676 

0.0439 

0.2340 

0.3820 

0.1400 

0.0712 

0.0612 

0.0676 

0 

0727 

0.0626 

0.0473 

0.2450 

0.3820 

0.1350 

0.0813 

0.0599 

0.0676 

11 

0705 

0.0485 

0.0497 

0.2650 

0.3840 

0.1300 

0.0742 

0.0612 

0.0683 

0 

0697 

0.0450 

0.0633 

0.2820 

0.3840 

0.1236 

0.0712 

0.0619 

0.0676 

0 

0697 

0.0450 

0.0905 

0.2970 

0.3740 

0.1205 

0.0690 

0.0633 

0.0640 

0 

0705 

0.0450 

0.1086 

0.3130 

0.3680 

0.1185 

0.0668 

0.0633 

0.0633 

(1 

0705 

0.0445 

0.0993 

0.3390 

0.3720 

0.1086 

0.0647 

0.0668 

0.0633 

0 

0654 

0.0456 

0.0904 

0.3530 

0.3680 

0.1048 

0.0705 

0.0661 

0.0633 

0 

0654 

0.0445 

0.0837 

0.3530 

0.3410 

0.1011 

0.0720 

0.0654 

0.0633 

0 

0654 



0.0837 

0.3450 

0.3210 

0.1011 

0.0676 

0.0661 

0.0633 

0 

0654 

--- 

0.0904 

--- 

0.2990 

... 

0.0668 

0.0676 

... 

0.0606 

0.0552 

0.1879 

0.3586 

0.1726 

0.0795 

0.0633 

0.0647 

0.251 

0.244 

0.804 

1.584 

0.738 

0.351 

0.280 

0.277 

Average  annual  rate: 
Total  annual  yield: 


MORRIS  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1956  -  SEPTEMBER  1957 


1 

0.0633 

0.0668 

0.0586 

0.0485 

0.0468 

0.C534 

0.0473 

0.2620 

0.7680 

0.2160 

2 

0.0633 

0.06S3 

0.0586 

0.0479 

0.0522 

0.0540 

0.0599 

0.3120 

0.7280 

0.2110 

3 

0.0647 

0.0651 

0.0586 

0.0468 

0.0547 

0.0540 

0.0668 

0.3100 

0.6960 

0.2050 

4 

0.0470 

0.0650 

0.0544 

0.0468 

0.0547 

0.0534 

0.0647 

0.2920 

0.6620 

5 

0.0470 

0.06S0 

0.0503 

0.0468 

0.0547 

0.0540 

0.0742 

0.2920 

0.6480 

6 

0.0654 

0.0649 

0.0491 

0.0468 

0.0547 

0.0528 

0.0742 

0.2970 

0.6050 

7 

0.0647 

0.0648 

0.0491 

0.0468 

0.0553 

0.0553 

0.0720 

0.3120 

0.5630 

8 

0.0654 

0.0647 

0.0491 

0.0468 

0.0579 

0.0619 

0.0697 

0.3170 

0.5380 

9 

0.0661 

0.0640 

0.0491 

0.0473 

0.0534 

0.0750 

0.0742 

0.3320 

0.5230 

10 

0.0661 

0.0633 

0.0491 

0.0473 

0.0479 

0.0676 

0.0862 

0.3540 

0.5160 

11 

0.0661 

0.0633 

0.0668 

0.0473 

0.0422 

0.0606 

0.0993 

0.3720 

0.4780 

12 

0.0781 

0.0633 

0.0640 

0.0522 

0.0417 

0.0592 

0.1175 

0.3660 

0.4370 

13 

0.0735 

0.0640 

0.0668 

0.0572 

0.0417 

0.0572 

0.1310 

0.4550 

0.4220 

14 

0.0676 

0.0626 

0.0559 

0.0479 

0.0417 

0.0547 

0.1510 

0.6020 

0.3930 

15 

0.0668 

0.0626 

0.0534 

0.0473 

0.0417 

0.0540 

0.1510 

0.6790 

0.3880 

16 

0.0668 

0.0626 

0.0485 

0.0468 

0.0417 

0.0540 

0.1500 

0.6900 

0.3900 

17 

0.0661 

0.0633 

0.0479 

0.0468 

0.0417 

0.0534 

0.1580 

0.6650 

0.3640 

18 

0.0654 

0.0633 

0.0479 

0.0468 

0.0417 

0.0540 

0.1590 

0.6510 

0.3390 

19 

0.0647 

0.0586 

0.0479 

0.0468 

0.0411 

0.0528 

0.1420 

0.7590 

0.3210 

20 

0.0647 

0.0586 

0.0479 

0.0468 

0.0417 

0.0528 

0.1290 

0.8150 

0.3120 

21 

0.0661 

0.0586 

0.0479 

0.0468 

0.0422 

0.0528 

0.1400 

0.8310 

0.2990 

22 

0.0668 

0.0586 

0.0479 

0.0468 

0.0445 

0.0509 

0.1510 

0.8270 

0.2870 

23 

0.0697 

0.0586 

0.0479 

0.0468 

0.0485 

0.0503 

0.1690 

0.8270 

0.2790 

24 

0.0690 

0.0586 

0.0479 

0.0468 

0.0534 

0.0503 

0.1620 

0.8370 

0.2650 

25 

0.0668 

0.0586 

0.0479 

0.0468 

0.0781 

0.0497 

0.1520 

0.8370 

0.2590 

26 

0.0720 

0.0586 

0.0479 

0.0468 

0.0528 

0.0491 

0.1410 

0.8500 

0.2490 

27 

0.0712 

0.0586 

0.0479 

0.0468 

0.0668 

0.0478 

0.1400 

0.8830 

0.2450 

28 

0.0676 

0.0586 

0.0479 

0.0468 

0.0540 

0.0485 

0.1500 

0.8800 

0.2420 

29 

0.0661 

0.0586 

0.0479 

0.0468 



0.0540 

0.1760 

0.8600 

0.2310 

30 

0.0661 

0.0586 

0.0479 

0.0468 



0.0742 

0.2130 

0.8270 

0.2210 

31 

0.0676 

... 

0.0485 

0.0468 

... 

0.0599 

... 

0.7990 

... 

Average  rate,  cfs 

0.0670 

0.0619 

0.0516 

0.0475 

0.0496 

0.0555 

0.5232 

0.5933 

0.4223 

Total  yield,  inches     0.296 

0.265 

0.228 

0.210 

0.198 

0.245 

0.122 

2.621 

1.806 

0 

1205 

0.1115 

0.1115 

0.1096 

0.1096 

0.1086 

0.1067 

0 

1205 

0.1067 

0 

1135 

0.1048 

0 

1067 

0.1076 

0 

1029 

0.1086 

0 

1175 

0.1076 

0 

1165 

0.1076 

0 

1105 

0.1067 

0 

1086 

0.1076 

0 

1096 

0.1076 

0 

1125 

0.1029 

0 

1086 

0.1039 

0 

Ki76 

0.1185 

0 

1067 

0.1165 

0 

1086 

0.1115 

0 

1105 

0.1105 

0 

1277 

0.1086 

0. 

1096 

0.1086 

D 

1096 

0.1086 

0 

1115 

0.1086 

0. 

1096 

0.1067 

0. 

1096 

0.1067 

0. 

1096 

0.1057 

ii. 

1195 

0.1076 

0. 

1145 

0.1067 

0. 

1105 

0.1085 
0.464 

Average  annual  rate: 
Total  annual  yield: 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1957-SEPTEMBER  1958. 


1 

0.1057 

0.1057 

0.  1020 

0.0904 

0.0821 

0.0821 

0.1122 

0.2960 

0.7560 

0.1970 

0.1400 

0.1310 

.' 

0.1096 

0.1067 

0.1020 

0.0904 

0.0821 

0.0821 

0.1224 

0.3800 

0.6700 

0.1900 

0.1400 

0.1270 

1 

0.  1195 

0.  1048 

0.1029 

0.0904 

0.0821 

0.0821 

0.1327 

0.4780 

0.6150 

0.1890 

0.1400 

0.1300 

4 

0.  1165 

0.1039 

0.1029 

0.0904 

0.0821 

0.0821 

0.1430 

0.6020 

0.5860 

0.1860 

0.1400 

0.1290 

. 

0. 1115 

0.1039 

0.0975 

0.0904 

0.0829 

0.0821 

0.1532 

0.7430 

0.5480 

0.1820 

0.1400 

0.1320 

i, 

0. 1125 

0.  1039 

0.0948 

0.0904 

0.0821 

0.0821 

0.1636 

0.8730 

0.5230 

0.1780 

0.1400 

0.1310 

7 

0.1096 

0.1020 

0.0966 

0.0904 

0.0821 

0.0821 

0.1739 

0.8800 

0.4820 

0.1760 

0.1400 

0.1280 

8 

0.1086 

0.0993 

0.0975 

0.0904 

0.0821 

0.0813 

0.1842 

0.8370 

0.4550 

0.1720 

0. 1400 

0.1300 

'< 

0.1076 

0.0993 

0.0922 

0.0904 

0.0821 

0.0813 

0.1944 

0.8530 

0.4310 

0.1690 

0.1400 

0.1340 

in 

0.1076 

0.1002 

0.0922 

0.0904 

0.0813 

0.0805 

0.2047 

0.9440 

0.4090 

0.1660 

0.1400 

0.1280 

1  1 

0.1076 

0. 1020 

0.0922 

0.0957 

0.0805 

0.0805 

0.21S0 

1.06  30 

0.3900 

0.1640 

0.1400 

0.1280 

12 

0.1067 

0.1086 

0.0904 

0.0957 

0.0805 

0.0805 

0.2253 

1.0670 

0.3720 

0.1640 

0.1400 

0.1380 

1  i 

0.1067 

0.1145 

0.0904 

0.0930 

0.0862 

0.0805 

0.2356 

1.0440 

0.3560 

0.1610 

0.1400 

0.1340 

14 

0.1086 

0.1048 

0.0904 

0.0887 

0.0845 

0.0797 

0.2459 

1.0150, 

0.3410 

0.1620 

0.1400 

0.1340 

15 

0.1096 

0.0993 

0.0993 

0.0887 

0.0845 

0.0781 

0.2561 

1.0080 

0.3230 

0.1630 

0.1400 

0.1300 

16 

0.1105 

0.0993 

0.1096 

0.0862 

0.0854 

0.0781 

0.2664 

1.0440 

0.3120 

0.1590 

0.1400 

0.1310 

17 

0. 1105 

0.0993 

0. 1011 

0.0829 

0.0845 

0.0781 

0.2767 

1.1200 

0.2960 

0.1510 

0.1400 

0.1300 

1H 

0.1105 

0.0993 

0.0993 

0.0837 

0.0837 

0.0773 

0.2870 

1.2220 

0.2820 

0.1510 

0.1400 

0.1270 

14 

0.1086 

0.0993 

0.0948 

0.0837 

0.0829 

0.0773 

0.2700 

1.3050 

0.2700 

0.1500 

0.1400 

0.1270 

Jll 

0.1086 

0.0993 

0.0948 

0.0837 

0.0837 

0.0805 

0.3130 

1.3690 

0.2580 

0.1490 

0.1310 

0.1270 

21 

0.1096 

0.0993 

0.0939 

0.0837 

0.0829 

0.0913 

0.0390 

1.4080 

0.2460 

0.1500 

0.1320 

0.1260 

22 

0.1096 

0.0993 

0.0913 

0.0837 

0.0829 

0.0896 

0.4220 

1.4300 

0.2360 

0.1400 

0.1380 

0.1260 

I  1 

0.1086 

0.0993 

0.0904 

0.0837 

0.0854 

0.0896 

0.3410 

1.4080 

0.2310 

0.1400 

0.1340 

0.1280 

24 

0. 1067 

0.0993 

0.0904 

0.0854 

0.0862 

0.0896 

0.2790 

1.34  30 

0.2310 

0.1400 

0.1330 

0.1300 

25 

0.1067 

0. 1011 

0.0904 

0.0837 

0.0879 

0.0862 

0.0239 

1.2790 

0.2250 

0.1400 

0.1310 

0.1300 

26 

0.1086 

0.1020 

0.0904 

0.0821 

0.0862 

0.0821 

0.2130 

1.1980 

0.2160 

0.1400 

0.1300 

0.1310 

27 

0.1076 

0.1020 

0.0904 

0.0821 

0.0845 

0.0821 

0.2010 

1.1230 

0.2090 

0.1400 

0.1300 

0.1300 

.'H 

0.1067 

0.1020 

0.0922 

0.0821 

0.0837 

0.0813 

0.1930 

1.0550 

0.2040 

0.1400 

0.1400 

0.1290 

29 

0. 1067 

0.1020 

0.0939 

0.0821 



0.0813 

0.1950 

0.9860 

0.2020 

0.1400 

0.1320 

0.1290 

in 

0.1067 

0.1020 

0.0904 

0.0821 



0.0916 

0.2240 

0.9030 

0.2020 

0.1400 

0.1300 

0.1290 

31 

0.1057 



0.0904 

0.0821 



1.0190 



0.8210 



0.1400 

0.1340 



Average  rate,  cfs 

0.  1091 

0.1021 

0.0951 

0.0871 

0.0835 

0.0831 

0.2290 

1.0030 

0.3630 

0.1590 

0.1373 

0.1300 

Total 

yield,  inches 

0.482 

0.437 

0.420 

0.385 

0.333 

0.367 

0.980 

4.432 

1.550 

0.703 

0.606 

0.554 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2150  cfs 
11.249  area  inches 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1958-SEPTEMBER  1959. 


1 

0.1290 

0.1256 

0.1086 

0.0975 

0.0966 

0.0904 

0.1105 

0.2240 

0.1500 

0.0913 

0.0572 

0.0528 

2 

0.1290 

0.1246 

0.1086 

0.0975 

0.0966 

0.0904 

0.1310 

0.2190 

0.1470 

0.0887 

0.0534 

0.0540 

3 

0.  1290 

0.1246 

0.1086 

0.0975 

0.0975 

0.0896 

0.1290 

0.2110 

0.1430 

0.0862 

0.0540 

0.0534 

4 

0.1290 

0.1236 

0.1086 

0.0975 

0.0957 

0.0887 

0.1510 

0.2040 

0.1410 

0.0854 

0.0522 

0.0522 

5 

0.1290 

0.1256 

0.1086 

0.0975 

0.0957 

0.0887 

0.1670 

0.1910 

0.1420 

0.0829 

0.0509 

0.0509 

h 

0.1290 

0.1236 

0.1096 

0.0966 

0.0966 

0.0879. 

0.1820 

0.1870 

0.1400 

0.0821 

0.0503 

0.0509 

7 

0.1290 

0.1225 

0.1105 

0.0966 

0.0975 

0.0879 

0.1490 

0.1790 

0.1390 

0.0781 

0.0509 

0.0515 

8 

0.1290 

0.1215 

0.1115 

0.0948 

0.0966 

0.0879 

0.1300 

0.1810 

0.1350 

0.0789 

0.0509 

0.0503 

9 

0.1290 

0.1205 

0.1145 

0.0948 

0.0948 

0.0879 

0.1205 

0.1870 

0.1310 

0.0762 

0.0509 

0.0515 

10 

0.1290 

0.1205 

0.1086 

0.0966 

0.0948 

0.0870 

0.  1165 

0.  1910 

0.1290 

0.0720 

0.0503 

0.0509 

11 

0.1290 

0.1215 

0. 1300 

0.0975 

0.0957 

0.0854 

0.1145 

0.1930 

0.1267 

0.0705 

0.0540 

0.0509 

L2 

0.1290 

0.1205 

0.1165 

0.0957 

0.0948 

0.0887 

0.1195 

0.1910 

0.1236 

0.0705 

0.0547 

0.0503 

13 

0.1290 

0.1205 

0.1086 

0.0948 

0.0948 

0.0904 

0.1320 

0.1910 

0.1185 

0.0668 

0.0515 

0.0503 

14 

0.1290 

0.1256 

0.1057 

0.0930 

0.0939 

0.0870 

0.1420 

0.1940 

0.1185 

0.0676 

0.0522 

0.0522 

15 

0.1290 

0.1225 

0. 1057 

0.0922 

0.0975 

0.0854 

0.1340 

0.1950 

0.1185 

0.0683 

0.0509 

0.0633 

[i. 

0.1290 

0.1195 

0.1067 

0.0922 

0.1236 

0.0854 

0.1205 

0.1980 

0.1135 

0.0654 

0.0503 

0.0566 

1  1 

0.1290 

0.1185 

0. 1067 

0.0922 

0.0993 

0.0870 

0.1165 

0.1950 

0.1115 

0.0640 

0.0479 

0.0547 

18 

0.1277 

0.1185 

0.1067 

0.0904 

0.0948 

0.0913 

0.1135 

0.1950 

0.1086 

0.0633 

0.0619 

0.0540 

VI 

0.1277 

0.1185 

0.1057 

0.0913 

0.0939 

0.0870 

0.1086 

0.1890 

0.1076 

0.0626 

0.0668 

0.0705 

20 

0.1277 

0. 1165 

0.1068 

0.0904 

0.0939 

0.0862 

0.1067 

0.1850 

0.1039 

0.0599 

0.0705 

0.0654 

21 

0.1277 

0. 1145 

0.1048 

0.0917 

0.0930 

0.0870 

0.1029 

0. 1810 

0.1020 

0.0592 

0.0559 

0.0592 

22 

0.1277 

0.1145 

0.1048 

0.  0929 

0.0913 

0.0904 

0. 1105 

0.1820 

0.1002 

0.0566 

0.0553 

0.0566 

2  i 

0.1277 

0.1145 

0.1048 

0.0942 

0.0904 

0.0913 

0.1330 

0.1760 

0.0957 

0.0566 

0.0566 

0.0619 

24 

0.1277 

0.1155 

0. 1048 

0.0955 

0.0904 

0.0904 

0.1820 

0.1670 

0.0939 

0.0566 

0.0553 

0,0586 

25 

0.1267 

0.1145 

0.1039 

0.0968 

0.0904 

0.0896 

0.2090 

0.1690 

0.0913 

0.0559 

0.0547 

0.0676 

'i, 

0. 1267 

0.  1145 

0.1039 

0.0980 

0.0904 

0.0913 

0.2540 

0.1680 

0.9930 

0.0553 

0.0547 

0.0683 

27 

0.1267 

0.  1115 

0.1029 

0.0993 

0.0904 

0.0904 

0.2390 

0.1970 

0.1029 

0.0540 

0.0540 

0.0592 

28 

0.1267 

0. 1086 

0.1011 

0.0993 

0.0904 

0.0904 

0.2210 

0.1720 

0.1175 

0.0540 

0.0534 

0.0592 

>. 

0.1267 

0.1086 

0.0984 

0.0984 



0.0896 

0.2210 

0.1620 

0. 1011 

0.0540 

0.0534 

0.0579 

30 

0.1267 

0.1086 

0.0984 

0.0975 



0.1057 

0.2240 

0. 1570 

0.0966 

0.0540 

0.0534 

0.0572 

31 

0.1256 



0.0984 

0.0975 



0.0913 



0. 1540 



0.0553 

0.0528 



Average  rate,  cfs 

0.1282 

0. 1187 

0. 1071 

0.0954 

0.0954 

0.0893 

0.1497 

0.1866 

0.1183 

0.0674 

0.0542 

0.0564 

Total  yield,  inches 

0.566 

0.507 

0.473 

0.422 

0.381 

0.394 

0.640 

0.825 

0.506 

0.298 

0.240 

0.478 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1056  cfs 
5.730  area  inches 


62 


DAY 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1959-SEPTEMBER  1960. 
OCT      NOV      DEC      JAN       FEB      MAR      APR      MAY      JUNE     JULY 


1 

0.0566 

0.5340 

0.0515 

0.0509 

0.0428 

0.0365 

0.0528 

0.1760 

0.1730 

0.0676 

0.0522 

0.0503 

2 

0.0566 

0.0524 

0.0522 

0.0519 

0.0434 

0.0401 

0.0515 

0.1950 

0.1640 

0.0668 

0.0468 

0.0445 

3 

0.0566 

0.0534 

0.0547 

0.0509 

0.0428 

0.0380 

0.0528 

0.2180 

0.1590 

0.0668 

0.0445 

0.0479 

4 

0.0566 

0.0534 

0.0534 

0.0509 

0.0428 

0.0396 

0.0606 

0.2440 

0.1520 

0.0654 

0.0417 

0.0450 

5 

0.0566 

0.0534 

0.0528 

0.0509 

0.0428 

0.0417 

0.0821 

0.2590 

0.1490 

0.0654 

0.0422 

0.0417 

6 

0.0559 

0.0534 

0.0528 

0.0509 

0.0428 

0.0445 

0. 1246 

0.2720 

0.  1440 

0.0654 

0.0417 

0.0375 

7 

0.0579 

0.0534 

0.0528 

0.0503 

0.0422 

0.0566 

0.1560 

0.2940 

0.1450 

0.0626 

0.0417 

0.0340 

8 

0.0566 

0.0534 

0.0503 

0.0497 

0.0503 

0.0566 

0.1890 

0.3280 

0.1430 

0.0606 

0.0422 

0.0335 

9 

0.0633 

0.0534 

0.0479 

0.0491 

0.0473 

0.0437 

0.2310 

0.3510 

0.1400 

0.0599 

0.0428 

0.0345 

10 

0.0599 

0.0534 

0.0515 

0.0503 

0.0434 

0.0422 

0.2530 

0.3780 

0.1300 

0.0592 

0.0428 

0.0326 

11 

0.0579 

0.0574 

0.0503 

0.0497 

0.0422 

0.0411 

0.2390 

0.3970 

0.1256 

0.0586 

0.0428 

0.0321 

12 

0.0559 

0.0534 

0.0503 

0.0497 

0.0417 

0.0411 

0.2160 

0.4030 

0.1205 

0.0566 

0.0439 

0.0321 

13 

0.0553 

0.0491 

0.0515 

0.0491 

0.0428 

0.0401 

0.2020 

0.4010 

0. 1175 

0.0553 

0.0439 

0.0321 

14 

0.0553 

0.0503 

0.0528 

0.0491 

0.0417 

0.0401 

0.2020 

0.3970 

0.1135 

0.0534 

0.0422 

0.0326 

lr. 

0.0553 

0.0534 

0.0528 

0.0491 

0.0417 

0.0401 

0.1890 

0.3860 

0.1096 

0.0528 

0.0428 

0.0326 

16 

0.0553 

0.0503 

0.0522 

0.0491 

0.0417 

0.0401 

0. 1760 

0.3680 

0.1076 

0.0509 

0.0445 

0.0340 

17 

0.0553 

0.0503 

0.0515 

0.0491 

0.0417 

0.0401 

0.1640 

0.3540 

0.1067 

0.5030 

0.0445 

0.0350 

18 

0.0547 

0.0503 

0.0515 

0.0491 

0.0417 

0.0401 

0.1690 

0.3450 

0.1011 

0.0491 

0.0439 

0.0326 

19 

0.0547 

0.0503 

0.0515 

0.0491 

0.0417 

0.0396 

0.1670 

0.3350 

0.0984 

0.0479 

0.0422 

0.0317 

20 

0.0547 

0.0503 

0.0515 

0.0491 

0.0406 

0.0401 

0.1890 

0.3100 

0.0948 

0.0491 

0.0411 

0.0312 

21 

0.0534 

0.0566 

0.0509 

0.0491 

0.0406 

0.0417 

0.2290 

0.2960 

0.0930 

0.0528 

0.0390 

0.0321 

22 

0.0534 

0.0633 

0.0509 

0.0491 

0.0411 

0.0428 

0.2490 

0.2870 

0.0913 

0.0503 

0.0468 

0.0340 

23 

0.0534 

0.0612 

0.0509 

0.0491 

0.0406 

0.0445 

0.2280 

0.2700 

0.0887 

0.0479 

0.0468 

0.0331 

24 

0.0534 

0.0599 

0.0528 

0.0491 

0.0406 

0.0473 

0.1950 

0.2540 

0.0845 

0.0473 

0.0445 

0.0326 

25 

0.0534 

0.0592 

0.0522 

0.0491 

0.0411 

0.0497 

0.1770 

0.2420 

0.0781 

0.0479 

0.0439 

0.0326 

26 

0.0534 

0.0566 

0.0515 

0.0473 

0.0406 

0.0633 

0.1660 

0.2320 

0.0781 

0.0479 

0.0417 

0.0326 

27 

0.0534 

0.0553 

0.0515 

0.0422 

0.0401 

0.0720 

0.1610 

0.2220 

0.0742 

0.0468 

0.0417 

0.0350 

28 

0.0534 

0.0534 

0.0515 

0.0417 

0.0396 

0.0742 

0.1590 

0.2110 

0.0727 

0.0468 

0.0422 

0.0355 

29 

0.0534 

0.0515 

0.0515 

0.0417 

0.0365 

0.0612 

0.1580 

0.2010 

0.0697 

0.0468 

0.0417 

0.0365 

30 

0.0534 

0.0509 

0.0515 

0.0417 



0.0572 

0.1630 

0.1890 

0.0683 

0.0468 

0.0406 

0.0365 

31 

0.0534 



0.0515 

0.0417 



0.0547 



0.1790 



0.0491 

0.0390 



Avera 

ge  rate,  cfs 

0.0554 

0.0538 

0.0517 

0.0483 

0.0435 

0.0468 

0.1684 

0.2901 

0.1131 

0.0546 

0.0432 

0.0356 

Total 

yield,  Inches 

0.245 

0.230 

0.228 

0.214 

0.174 

0.207 

0.720 

1.282 

0.484 

0.241 

0.191 

0.152 

Average  annual  rate:   0.0837  cfs 
Total  annual  yield:   4.368  area  inches 
Peak  flow: 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1960-SEPTEMBER  1961. 


1 

0.0370 

0.0503 

0.0473 

0.0445 

0.0515 

0.0385 

0.0445 

0.0509 

0.0837 

0.0805 

0.0299 

0.0233 

2 

0.0380 

0.0456 

0.0473 

0.0445 

0.0479 

0.0380 

0.0612 

0.0479 

0.0845 

0.0690 

0.0294 

0.0225 

3 

0.0385 

0.0479 

0.0473 

0.0445 

0.0417 

0.0380 

0.0862 

0.0522 

0.0879 

0.0579 

0.0290 

0.0221 

4 

0.0396 

0.0468 

0.0473 

0.0445 

0.0417 

0.0375 

0.0984 

0.0534 

0.0896 

0.0479 

0.0290 

0.0221 

5 

0.0406 

0.0428 

0.0473 

0.0445 

0.0417 

0.0375 

0.1086 

0.0579 

0.0887 

0.0396 

0.0290 

0.0218 

6 

0.0401 

0.0428 

0.0473 

0.0445 

0.0411 

0.0380 

0. 1236 

0.0547 

0.0957 

0.0317 

0.0285 

0.0221 

7 

0.0411 

0.0434 

0.0473 

0.0445 

0.0406 

0.0380 

0.  1310 

0.0528 

0.1002 

0.0299 

0.0285 

0.0221 

8 

0.0450 

0.0439 

0.0473 

0.0445 

0.0406 

0.0375 

0.1380 

0.0599 

0.1048 

0.0294 

0.0273 

0.0240 

9 

0.0515 

0.0445 

0.0473 

0.0445 

0.0406 

0.0375 

0.1440 

0.0566 

0.1076 

0.0312 

0.0273 

0.0248 

10 

0.0547 

0.0450 

0.0473 

0.0462 

0.0456 

0.0375 

0.1480 

0.0503 

0.1105 

0.0317 

0.0273 

0.0244 

11 

0.0515 

0.0456 

0.0473 

0.0473 

0.0462 

0.0375 

0.1500 

0.0428 

0.1175 

0.0321 

0.0256 

0.0260 

12 

0.0468 

0.0456 

0.0473 

0.0473 

0.0434 

0.0370 

0.1470 

0.0462 

0.1185 

0.0317 

0.0236 

0.0273 

13 

0.0456 

0.0456 

0.0473 

0.0473 

0.0417 

0.0375 

0.1360 

0.0479 

0.1215 

0.0317 

0.0233 

0.0273 

14 

0.0450 

0.0456 

0.0473 

0.0473 

0.0417 

0.0417 

0.1410 

0.0509 

0.1267 

0.0312 

0.0233 

0.0281 

15 

0.04  34 

0.0456 

0.0473 

0.0572 

0.0417 

0.0439 

0.1430 

0.0515 

0.1277 

0.0303 

0.0233 

0.0290 

16 

0.0434 

0.0462 

0.0473 

0.0509 

0.0417 

0.0473 

0. 1400 

0.0522 

0.1300 

0.0299 

0.0244 

0.0303 

17 

0.0434 

0.0468 

0.0473 

0.0450 

0.0411 

0.0417 

0.1155 

0.0540 

0. 1330 

0.0281 

0.0248 

0.0326 

18 

0.0434 

0.0468 

0.0473 

0.0428 

0.0406 

0.0390 

0.0805 

0.0559 

0.1360 

0.0273 

0.0240 

0.0355 

19 

0.04  34 

0.0468 

0.0473 

0.0428 

0.0406 

0.0380 

0.0705 

0.0606 

0.  1410 

0.0277 

0.0233 

0.0285 

20 

0.0434 

0.0462 

0.0473 

0.0428 

0.0406 

0.0380 

0.0813 

0.0612 

0.  1430 

0.0277 

0.0233 

0.0236 

21 

0.0434 

0.0473 

0.0473 

0.0434 

0.0406 

0.0375 

0.0862 

0.0654 

0. 1490 

0.0281 

0.0233 

0.0233 

22 

0.0434 

0.0473 

0.0473 

0.0439 

0.0406 

0.0375 

0.0781 

0.0661 

0.1500 

0.0281 

0.0233 

0.0233 

23 

0.04  34 

0.0473 

0.0473 

0.0445 

0.0401 

0.0445 

0.0765 

0.0683 

0. 1510 

0.0281 

0.0233 

0.0233 

24 

0.0434 

0.0473 

0.0473 

0.0445 

0.0396 

0.0534 

0.0781 

0.0727 

0.1550 

0.0281 

0.0240 

0.0233 

25 

0.0439 

0.0473 

0.0473 

0.0450 

0.0396 

0.0495 

0.0837 

0.0758 

0.1570 

0.0285 

0.0252 

0.0233 

26 

0.0439 

0.0473 

0.0450 

0.0456 

0.0396 

0.0434 

0.0887 

0.0781 

0.1590 

0.0285 

0.0264 

0.0233 

27 

0.04  39 

0.0473 

0.0445 

0.0462 

0.0396 

0.0417 

0.0870 

0.0789 

0.1300 

0.0290 

0.0244 

0.0233 

28 

0.04  39 

0.0473 

0.0445 

0.0462 

0.0396 

0.0406 

0.0758 

0.0797 

0.1246 

0.0290 

0.0236 

0.0233 

29 

0.0445 

0.0473 

0.0445 

0.0462 



0.0390 

0.0612 

0.0813 

0.1086 

0.0299 

0.0236 

0.0233 

30 

0.0445 

0.0473 

0.0445 

0.0468 



0.0390 

0.0503 

0.0821 

0.0939 

0.0303 

0.0236- 

0.0233 

31 

0.0445 



0.0445 

0.0485 



0.0411 



0.0829 



0.0308 

0.0233 



Avera 

ge  rate,  cfs     0.0438 

0.0462 

0.0468 

0.0456 

0.0418 

0.0402 

0.1018 

0.0610 

0.1209 

0.0344 

0.0254 

0.0250 

Total 

yield,  inches   0.194 

0.198 

0.207 

0.201 

0.  167 

0.  178 

0.435 

0.270 

0.517 

0.  152 

0.112 

0.  107 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.0527  cfs 
2. 738  area  inches 
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MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  196 1-SEPTEMBER  1962. 


OCT 


1 

0.0233 

0.0248 

0.0218 

0.0277 

0.0273 

0.0676 

0.0534 

0.6900 

0.5010 

2 

0.0233 

0.0244 

0.0236 

0.0277 

0.0273 

0.0668 

0.0579 

0.6560 

0.4960 

3 

0.0233 

0.0240 

0.0277 

0.0277 

0.0273 

0.0633 

0.0712 

0.6560 

0.4940 

. 

0.0233 

0.0240 

0.0244 

0.0277 

0.0273 

0.0633 

0.1002 

0.7400 

0.4960 

5 

0.0238 

0.0236 

0.0240 

0.0277 

0.0273 

0.0633 

0.1215 

0.9000 

0.4820 

6 

0.0243 

0.0233 

0.0233 

0.0277 

0.0273 

0.0654 

0. 1277 

1.0670 

0.4780 

7 

0.0248 

0.0233 

0.0233 

0.0294 

0.0273 

0.0566 

0. 1450 

1.1780 

0.4570 

8 

0.0253 

0.0233 

0.0233 

0.0317 

0.0262 

0.0612 

0. 1330 

1.2220 

0.4310 

9 

0.0258 

0.0233 

0.0233 

0.0312 

0.0273 

0.0599 

0. 1215 

1.2100 

0.4110 

in 

0.0263 

0.0233 

0.0233 

0.0294 

0.0422 

0.0566 

0.1096 

1.1780 

0.3900 

1 

0.0268 

0.0233 

0.0233 

0.0394 

0.0547 

0.0553 

0.1086 

1.1470 

0.3740 

1-' 

0.0273 

0.0233 

0.0233 

0.0294 

0.0781 

0.0553 

0. 1236 

1.0890 

0.3660 

1  i 

0.0273 

0.0229 

0.0233 

0.0326 

0.0612 

0.0553 

0. 1730 

1.0400 

0.3530 

14 

0.0273 

0.0229 

0.0233 

0.0317 

0.0547 

0.0553 

0.3050 

0.9720 

0.3470 

1  i 

0.0273 

0.0225 

0.0233 

0.0312 

0.0540 

0.0553 

0.4030 

0.9000 

0.3450 

16 

0.0273 

0.0221 

0.0233 

0.0308 

0.0534 

0.0553 

0.4620 

0.8270 

0.3470 

17 

0.0268 

0.0221 

0.0233 

0.0308 

0.0534 

0.0547 

0.5280 

0.7710 

0.3260 

18 

0.0264 

0.0221 

0.0207 

0.0308 

0.0528 

0.0547 

0.5300 

0.6990 

19 

0.0264 

0.0221 

0.0229 

0.0294 

0.0522 

0.0547 

0.5310 

0.6540 

20 

0.0260 

0.0225 

0.0308 

0.0277 

0.0462 

0.0547 

0.5330 

0.6260 

21 

0.0252 

0.0225 

0.0285 

0.0281 

0.0509 

0.0540 

0.5350 

0.6150 

22 

0.0240 

0.0221 

0.0281 

0.0277 

0.0676 

0.0534 

0.5370 

0.5890 

0.0240 

0.0221 

0.0281 

0.0277 

0.0750 

0.0534 

0.5380 

0.5630 

24 

0.0240 

0.0221 

0.0277 

0.0277 

0.0742 

0.0534 

0.5400 

0.5480 

25 

0.0240 

0.0221 

0.0277 

0.0277 

0.0742 

0.0534 

0.6290 

0.5300 

26 

0.0244 

0.0233 

0.0273 

0.0273 

0.0742 

0.0473 

0.9550 

0.5160 

2i 

0.0260 

0.0225 

0.0273 

0.0273 

0.0742 

0.0534 

1.0440 

0.5040 

2H 

0.0268 

0.0221 

0.0273 

0.0273 

0.0735 

0.0566 

0.9900 

0.5230 

:■) 

0.0260 

0.0221 

0.0273 

0.0273 



0/0528 

0.8700 

0.5080 

in 

0.0252 

0.0221 

0.0277 

0.0273 



0.0522 

0.7740 

0.5010 

ii 

0.0252 



0.0277 

0.0273 



0.0522 



0.0501 

Average   rate,    cfs 

0.0254 

0.0229 

0.0252 

0.0289 

0.0504 

0.0567 

0.4017 

0.7781 

Total    yield,    incl 

es        0.112 

0.098 

0.  Ill 

0.  127 

0.201 

0.250 

1.732 

3.438 

Average  annual  rate: 
Total  annual   Le 1 d : 
Peak  flow: 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1962-SEPTEMBER  1963. 
OCT      NOV      DEC       IAN       FEB      MAR      APR      MAY      JUNE     JULY 


1 

0.1020 

0.0797 

0.1290 

0.0805 

0.1020 

0.2890 

0.3300 

0.1950 

0.0975 

2 

0.1020 

0.0797 

0.0939 

0.0797 

0.0930 

0.3800 

0.2890 

0.1950 

0.0975 

1 

0.1002 

0.0797 

0.0939 

0.0773 

0.0896 

0.4350 

0.2940 

0.1900 

0.0948 

4 

0.1002 

0.0797 

0.0939 

0.0765 

0.0896 

0.4220 

0.2800 

0.1820 

0.0948 

'• 

0. 1185 

0.1002 

0.0797 

0.0939 

0.0765 

0.0904 

0.4110 

0.2770 

0.1730 

0.0930 

i 

0. 1165 

0.1002 

0.0797 

0.0930 

0.0765 

0.1410 

0.4030 

0.2770 

0.1760 

0.0913 

7 

0. 1165 

0.1002 

0.0797 

0.0904 

0.0765 

0.2160 

0.3900 

0.2690 

0.1690 

0.0904 

H 

0. 1155 

0.0993 

0.0862 

0.0904 

0.0765 

0.1900 

0.3780 

0.2640 

0.1640 

0.0904 

'• 

0.1155 

0.0993 

0.0870 

0.0904 

0.0758 

0.1500 

0.3820 

0.2700 

0.1630 

0.0913 

10 

0.  1145 

0.0993 

0.0887 

0.0896 

0.0758 

0.1290 

0.3950 

0.3130 

0.1540 

0.0913 

1 1 

0.  1145 

0.0993 

0.0887 

0.0896 

0.0781 

0. 1185 

0.3880 

0.3050 

0.1520 

0.0887 

12 

0.1145 

0.0993 

0.0887 

0.0887 

0.0765 

0.1290 

0.3740 

0.2970 

0.1500 

0.0862 

13 

0. 1135 

0.0948 

0.0887 

0.0879 

0.0758 

0.1520 

0.3680 

0.3030 

0.1450 

0.0862 

14 

0.  1145 

0.0939 

0.0887 

0.0870 

0.0765 

0.1890 

0.3600 

0.3150 

0.1420 

0.0837 

15 

0. 1155 

0.0939 

0.0887 

0.0879 

0.0789 

0.1690 

0.3540 

0.3150 

0.1400 

0.0821 

li, 

0. 1105 

0.0939 

0.0887 

0.0879 

0.0758 

0.1400 

0.3640 

0.3080 

0.1390 

0.0821 

17 

0.  1096 

0.0939 

0.0879 

0.0870 

0.0750 

0.1310 

0.3720 

0.2960 

0.1330 

0.0821 

18 

0.1096 

0.0939 

0.0879 

0.0870 

0.0758 

0.1205 

0.3840 

0.2920 

0.1300 

0.0813 

1  < 

0.1086 

0.0939 

0.0870 

0.0879 

0.0758 

0.1165 

0.3860 

0.2870 

0.1290 

0.0805 

.'ii 

0.1086 

0.0939 

0.0870 

0. 1 185 

0.0758 

0.  1135 

0.3860 

0.2790 

0.1267 

0.0789 

21 

0.1086 

0.0939 

0.0870 

0.0904 

0.0781 

0.1105 

0.3800 

0.2740 

0.1256 

0.0781 

22 

0.1076 

0.09  39 

0.0870 

0.0887 

0.0837 

0.1076 

0.3740 

0.2640 

0.1215 

0.0797 

23 

0.1029 

0.0939 

0.0870 

0.0879 

0.0930 

0.1076 

0.3700 

0.2610 

0. 1185 

0.0797 

.'■'. 

0.1020 

0.0939 

0.0870 

0.0870 

0.0887 

0.1048 

0.3680 

0.2510 

0.1135 

0.0781 

25 

0.1020 

0.0930 

0.0862 

0.0862 

0.0813 

0.  1195 

0.3560 

0.2450 

0.1105 

0.0789 

.'t. 

0.1020 

0.0862 

0.0854 

0.0837 

0.0821 

0.1630 

0.3410 

0.2340 

0.1105 

0.0789 

n 

0.1020 

0.0821 

0.0854 

0.0805 

0.0984 

0.1450 

0.3280 

0.2240 

0.1076 

0.0789 

28 

0.1020 

0.0813 

0.0854 

0.0805 

0. 1520 

0.1340 

0.3150 

0.2160 

0.1057 

0.0789 

29 

0.1020 

0.0805 

0.0845 



0.0993 

0.1570 

0.3050 

0.2150 

0.1039 

0.0789 

30 

0. 1020 

0.0805 

0.0957 



0.0984 

0.2130 

0.2940 

0.2090 

0. 1002 

0.0789 

31 



0.0805 

0. 1 195 



0.1086 



0.2820 



0.0993 

0.0789 

Average   rate,   cfs 

0.0940 

0.0868 

0.0912 

0.0838 

0. 1340 

0.3660 

0.2750 

0.1410 

0.0850 

Total   yield.    Inches 

0.415 

0.384 

0.364 

0.370 

0.575 

1.615 

1.176 

0.622 

0.375 

annual  rate: 
Total  annual  yield: 

i  low: 


64 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 96 3-SEPTEMBER  1964. 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
10 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.0742 

0.0765 

0.0742 

0.0683 

0.0742 

0.0765 

0.0742 

0.0683 

0.0742 

0.0765 

0.0742 

0.0676 

0.0742 

0.0813 

0.0742 

0.0676 

0.0742 

0.0845 

0.0727 

0.0676 

0.0742 

0.0821 

0.0697 

0.0668 

0.0742 

0.0821 

0.0690 

0.0668 

0.0742 

0.0765 

0.0697 

0.0742 

0.0765 

0.0697 

0.0742 

0.0765 

0.0690 

0.0742 

0.0765 

0.0690 

0.0797 

0.0765 

0.0690 

0.0984 

0.0765 

0.0690 

0.0813 

0.0758 

0.0697 

0.0805 

0.0821 

0.0705 

0.0765 

0.0765 

0.0705 

0.0765 

0.0758 

0.0697 

0.0742 

0.0758 

0.0690 

0.0742 

0.0765 

0.0690 

0.0742 

0.0765 

0.0690 

0.0742 

0.0765 

0.0690 

0.0735 

0.0765 

0.0690 

0.0854 

0.0765 

0.0697 

0.0829 

0.0758 

0.0705 

0.0781 

0.0750 

0.0705 

0.0765 

0.0750 

0.0697 

0.0765 

0.0750 

0.0697 

0.0765 

0.0742 

0.0690 

0.0765 

0.0742 

0.0683 

0.0829 

0.0742 

0.0683 

0.0821 



0.0683 

0.0773 

0.0770 

0.0701 

0.342 

0.329 

0.310 

0.0957 

0.2640 

0.7650 

0.3010 

0 

1570 

0. 1340 

0.0966 

0.2240 

0.7200 

0.2940 

i) 

1550 

0.1350 

0.0975 

0. 1950 

0.6880 

0.2870 

0 

1560 

0.1360 

0.0975 

0. 1770 

0.6730 

0.2790 

0 

1540 

0. 1350 

0.0984 

0. 1560 

0.6560 

0.2730 

II 

1520 

II.  M  Id 

0.0993 

0. 1490 

ii.  f,  ,4(1 

0.2670 

(1 

1520 

0. 1310 

0.0993 

0. 1450 

0.6700 

0.  2600 

0 

1520 

0.1300 

0.0993 

0. 1480 

0.6700 

0.2640 

0 

1500 

0. 1300 

0.0993 

0. 1720 

0.6560 

0.2480 

0 

1490 

0.1300 

0.0993 

0.2540 

0.6450 

0.2420 

0 

1450 

0. 1310 

0.0993 

0.3260 

0.6450 

0.2360 

0 

1450 

0. 1310 

0.0993 

0.4220 

0.6370 

0.2300 

11 

1450 

0.1300 

0.0993 

0.7280 

0.6210 

0.2230 

0 

1450 

0.1300 

0.0993 

0.8470 

0.5990 

0.2170 

(I 

1430 

0. 1310 

0.0993 

0.9550 

0.5760 

0.2110 

(1 

1420 

0.1360 

0.0993 

1.0780 

i.  56  10 

0.2050 

0 

1450 

0. 1310 

0.0993 

1.1200 

0.5550 

0.2050 

II 

1410 

0.1300 

0.0993 

1.1390 

0.5180 

0.1970 

0 

1420 

0.1340 

0.0993 

1. 1980 

0.4870 

0.1950 

0 

1450 

0.1340 

0 

0712 

0.0993 

1.2960 

0.4750 

0.1910 

II 

1420 

0.1330 

0 

0742 

0.0993 

1.3390 

0.4500 

0. 1870 

0 

1410 

0. 1350 

0 

0781 

0.0993 

1.3210 

0.4330 

0.1850 

0 

1410 

0.1320 

n 

0821 

0.0993 

1.2380 

0.4260 

0.1790 

0 

1400 

0.1310 

0 

0837 

0.0993 

1.1860 

0.3840 

0. 17  70 

0 

1340 

0.1310 

0 

0854 

0.0993 

1.1310 

0.3720 

0.1760 

0 

1340 

0.1320 

0 

0879 

0.0993 

1.0820 

0.3540 

0.1740 

0 

1340 

0. 1300 

0 

0887 

0.0993 

1.0370 

0.3430 

0. 1710 

0 

1390 

0.1300 

0 

0904 

0. 1290 

0.9940 

0.3320 

0.1660 

0 

1390 

0.1300 

0 

0922 

0.2090 

0.9440 

0.3170 

0.1660 

0 

1390 

0. 1300 

0 

0939 

0.2690 

0.8730 

0.3100 

0.  1620 

0 

1390 

0. 1300 

0 

0946 



n.8(W) 



0. 1630 

II 

1330 



0.1092 

0.7402 

0.5398 

0.2168 

0 

1442 

0.1319 

0.467 

3.273 

2.308 

0.958 

0 

637 

0.564 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1964-SEPTEMBER  1965. 


1 
2 
3 

4 
5 

6 

7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.1310 

0.1820 

0.1155 

0 

1185 

0.1310 

0.1390 

0. 1145 

0 

1145 

0.1310 

0. 1277 

0.1096 

0 

1115 

0. 1310 

0. 1205 

0.1086 

0 

1105 

0.1310 

0. 1165 

0.  1076 

0 

1057 

0.1310 

0.1155 

0.1057 

0 

1039 

0.1320 

0. 1155 

0. 1086 

'i 

1011 

0.1320 

0.1155 

0. 1067 

0 

1002 

0.  1310 

0.  1145 

0.1067 

II 

0993 

0.1310 

0. 1145 

0.1048 

0 

0993 

0.1310 

0. 1135 

0.1039 

0. 1310 

0.1115 

0.1039 

0. 1310 

0.1105 

0.1029 

0. 1310 

0. 1105 

0. 1020 

0.1310 

0. 1105 

0.0984 

0.1310 

0.1096 

0.0975 

0.1300 

0.1086 

0.0975 

0.1300 

0.1086 

0.0975 

0.1300 

0. 

1185 

0.1086 

0.0984 

0.1300 

0. 

1185 

0.1086 

0.0984 

0.1300 

0 

1185 

0.1096 

0.0984 

0.1300 

0 

1185 

0.1570 

0.0984 

0.1290 

0 

1185 

0.2460 

0.0993 

0.1290 

0 

1185 

0.2240 

0.0984 

0.1290 

0 

1340 

0.1630 

0.0966 

0.1290 

0 

1236 

0.1450 

0.0939 

0.1277 

0 

1175 

0. 1400 

0.0948 

0.1267 

0 

1175 

0.1300 

0.0984 

0.1410 

0 

1185 

0. 1267 

0.1390 

0 

1185 

0.1215 

0.1450 

0. 1175 

0.1304 
0.576 

0. 1277 

0. 1057 
0.467 

0.5940 

0.4820 

0 

1890 

i.i 

1420 

U 

1310 

0.6430 

0.4730 

0 

1890 

0 

1410 

0 

1300 

0.6650 

0.4550 

0 

1860 

ii 

1450 

0 

1300 

0.6430 

0.4440 

0 

1820 

0 

1420 

0 

1300 

0.6230 

0.4280 

0 

1770 

0 

1400 

II 

1340 

0.59  70 

0.4160 

II 

1760 

(1 

1380 

0 

1690 

0.5500 

0.3950 

II 

1760 

II 

1380 

0 

1510 

0.5230 

0.3860 

II 

1730 

0 

1360 

II 

1440 

0.4870 

0.3900 

II 

1670 

0 

1380 

0 

1400 

0.4500 

0.3660 

0 

1630 

II 

1400 

0 

1340 

0.4550 

0.3410 

0 

1620 

0 

1360 

0 

1300 

0 

1290 

0.4780 

0.3320 

0 

1620 

0 

1400 

0 

1300 

n 

1215 

0.4850 

0.3120 

II 

1590 

0 

1400 

0 

1290 

0 

1185 

0.5010 

0.2970 

0 

1570 

0 

1340 

0 

1290 

0 

1205 

0.5250 

0.2920 

II 

1550 

I.I 

1340 

0 

1300 

0 

1290 

0.5910 

0.2790 

0 

1570 

(1 

1340 

0 

1470 

I) 

1480 

0.6290 

0.2700 

1 

1630 

II 

1380 

0 

1360 

1.1 

1690 

0.6680 

0.2620 

0 

1820 

0 

1440 

0 

1350 

0 

2620 

0.6450 

0.2530 

0 

1660 

1! 

1390 

0 

1350 

0 

3900 

0.7020 

0.2430 

0 

1520 

0 

1350 

0 

1390 

0 

4440 

0.7080 

0.2360 

II 

1590 

0 

1670 

II 

1380 

1 

5080 

0.7050 

0.2280 

0 

1610 

0 

1480 

0 

1310 

0 

5760 

0.7140 

0.2190 

0 

1570 

0 

1380 

0 

1300 

0 

5630 

0.6930 

0.2540 

0 

1490 

0 

1340 

0 

1300 

0 

5450 

0.6650 

0.2310 

0 

1550 

'I 

1300 

0 

1300 

0 

5380 

0.6290 

0.2430 

0 

1470 

0 

1300 

0 

1300 

0 

5250 

0.5890 

0.2240 

II 

1420 

1) 

1300 

0 

1310 

0 

5200 

0.5580 

0.2090 

0 

1400 

(1 

1290 

fl 

1380 

I! 

5130 

0.5300 

0.2050 

0 

1400 

0 

1300 

0 

1360 

0 

5380 

0.5040 

0.1990 

0 

1510 

0 

1300 

0 

1340 



0.4890 



'I 

1440 

0 

1310 

— 

0.5890 

0.3120 

0 

1630 

0 

1380 

0 

1350 

2.604 

1.335 

0 

718 

0 

609 

0 

579 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


65 


MORRIS  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1965-SEPTEMBER  1966. 


1 
.' 
3 
4 
5 

6 

7 
8 
9 

in 

I  I 
1.' 
13 
14 
15 

16 

17 
18 

l'i 
20 

21 

:i 

23 

24 
25 

26 
27 
28 
29 

30 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.1320 

0.1246 

0 

1105 

0.0913 

0.0821 

0.1740 

0.2220 

0.2240 

0 

1096 

0. 1320 

0.  1246 

0 

1115 

0.0922 

0.0813 

0.1890 

0.2310 

0.2160 

0 

1057 

0. 1310 

0. 1246 

0 

1115 

0.0922 

0.0813 

0.  1740 

0.2460 

0.2120 

0 

1048 

0.1290 

0. 1225 

0 

1115 

0.0922 

0.0813 

0. 1570 

0.2690 

0.2090 

0 

1020 

0. 1300 

0. 1205 

0 

1105 

0.0930 

0.0813 

0. 1510 

0.2820 

0.2060 

0 

0993 

0.1300 

0.1205 

0 

1105 

0.0930 

0.0813 

0.  1510 

0.2910 

0.2020 

0 

0984 

0. 1310 

0.1205 

i.i 

1105 

0.0930 

0.0813 

0.1560 

0.2940 

0.1970 

0 

0984 

0. 1310 

0.1205 

0 

1105 

0.0993 

n.ipti)/. 

0.0821 

0. 1690 

0.2960 

0.1900 

0 

0922 

0. 1310 

0. 1205 

0 

1135 

0.0993 

0.0887 

0.0829 

0.1950 

0.3510 

0.1870 

0 

0939 

0. 1310 

0.1205 

0 

1175 

0.0993 

0.0887 

0.0829 

0.2110 

0.4110 

0. 1790 

0 

0948 

0.1310 

0. 1205 

0 

1145 

0.0993 

0.0887 

0.0813 

0.2040 

0.3930 

0.1710 

0 

0930 

0.1310 

0. 1225 

0 

1115 

0.0984 

0.0887 

0.0813 

0.1990 

0.4010 

0.1630 

0.1330 

0.1236 

0 

1115 

0.0984 

0.0887 

0.0845 

0.1900 

0.4220 

0.1570 

0.1320 

0.1205 

II 

1096 

0.0984 

0.0879 

0.0870 

0.1870 

0.4330 

0.1520 

0. 1420 

0. 1570 

0. 

1086 

0.0966 

0.0879 

0.0879 

0.1870 

0.4330 

0. 1500 

0. 1320 

0.1300 

0. 

1086 

0.0948 

0.0879 

0.0887 

0. 1950 

0.4160 

0.1470 

0.  1300 

0.1630 

0. 

1086 

0.0922 

0.0870 

0.0845 

0.2080 

0.4030 

0.  1410 

0.1290 

0.1390 

0.0922 

0.0870 

0.0837 

0.2160 

0.3860 

0.1400 

0.1277 

0. 1340 

0.0922 

0.0854 

0.0879 

0.2050 

0.3760 

0.1390 

0. 1256 

0.1290 

0.0922 

0.0821 

0.0887 

0.2040 

0.3680 

0. 1340 

0.1256 

0.1215 

0.0922 

0.0821 

0.0854 

0.2050 

0.3510 

0.1360 

0. 1256 

0. 1195 

0.0913 

0.0821 

0.0837 

0.2020 

0.3340 

0.1390 

0.1256 

0.1236 

0.0904 

0.0821 

0.0829 

0. 1980 

0.3260 

0.1310 

0.1256 

0.1185 

0.0904 

0.0821 

0.0829 

0.1980 

0.3130 

0.1290 

0.1256 

0. 1185 

0.0904 

0.0821 

0.0829 

0.2010 

0.3010 

0. 1277 

0.1256 

0. 1155 

0.0904 

0.0821 

0.0862 

0.2010 

0.2960 

0.1246 

0.1267 

0.1135 

0.0904 

0.0821 

0.0922 

0.2010 

0.2790 

0.  1195 

0.1277 

0. 1105 

0.0904 

0.0813 

0.  1067 

0.2120 

0.2690 

0.1145 

0.1267 

0. 1105 

0.0904 



0. 1225 

0.2150 

0.2530 

0.1086 

0.1267 

0.1105 

0.0904 



0.1380 

0.2160 

0.2450 

0.1105 

0. 1256 



0.0913 



0.1560 



0.2340 



0.1293 

0. 1241 

0.0872 

0.0901 

0.1924 

0.3266 

0.1585 

0.571 

0.530 

0.348 

0.398 

0.823 

1.443 

0.678 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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Miller 

Miller  is  the  largest  (252  acres)  of  the  north-facing 
watersheds  in  Farmington  Canyon  (fig.  9).  Miller  Creek 
was  gaged  in  1936  with  a  12-inch  venturi-trapezoidal 
flume  at  the  6,520-foot  elevation.  Streamflow  data  were 
taken  each  year  through  1968. 

The  same  Precambrian  metamorphic  rocks  underlying 
Morris  drainage  also  underlie  Miller  watershed  (Bell 
1952).  The  soils  developed  over  the  predominant  schists 
and  migmatite  are  generally  sandy  loams.  Depth  of  soil 
varies  from  thin  to  moderately  deep  (48  inches)  over 
most  of  the  catchment,  but  along  stream  channels  soil 
depths  have  been  found  to  be  quite  deep  (10  feet).  Sur- 
face horizons  appear  to  be  mollic  epipedons  (Glasser 
1969). 

Miller  watershed  is  well  vegetated.  Vegetation  type 
surveys  made  in  1939  and  again  in  1953  (Winters  1954) 


indicate  that  41  percent  of  the  area  is  covered  by  trees, 
mostly  aspen,  Douglas-fir  (Pseudotsuga  menziesii),  white 
fir,  and  subalpine  fir.  Shrub  species  dominate  another  54 
percent  of  the  watershed,  predominantly  ninebark, 
mountain  maple,  snowberry,  chokecherry,  and 
snowbrush.  A  small  percentage  of  the  area,  primarily  in 
the  upper  reaches,  is  covered,  sometimes  sparsely,  with 
sagebrush,  grass,  and  forbs.  Although  no  recent  formal 
vegetation  survey  has  been  made,  field  observations  and 
1963  aerial  photographs  show  no  detectable  changes  in 
cover  types. 

This  watershed  was  paired  with  Whipple  for  a  study 
of  timing  and  amount  of  runoff  by  Croft  (1944).  It  also 
was  used  as  the  control  for  Doty's  contour  trench  study 
on  Halfway  (Doty  1970  et  seq.).  Glasser  (1969)  compared 
the  long-term  records  of  Halfway  and  Miller  in  his 
thesis. 


GAGING  STATION 
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MILLER  CREEK 


Figure  9.— Topographic  map  of  Miller  Creek 
watershed. 
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MILLER   CREEK   DISCHARGE,    CUBIC    FEET  PER   SECOND,    OCTOBER   19 35-SEPTEMBER   1936. 


MAY 


JUNE 


JULY 


AUG 


SEPT 


2.0084  3.6217  1.2067  0-8815  0.4420 

2.6779  3.6253  1.5654  0.8965  0.4268 

2.6779  4.9155  1.5590  0.9970  0.4407 

3.1859  3.6232  1.5144  0.9142  0.3408 

3.8888  3.6307  1.4890  0.7763  0.4359 


4.5799  3.5371  1.4576  0.7293  0.4295 

5.2438  3.4633  1.3764  0.6924  0.4257 

5.3200  3.3766  1.5776  0.6774  0.4257 

5.4840  3.2348  1.3477  0.6549  0.4220 

5.8401  3.2249  1.2747  0.6511  0.4107 


i : 

12 
13 
14 
15 


6.0477  3.1598  1.2309  0.6511  0.4107 

6.5400  3.1413  1.1833  0.6511  0.4107 

7.2394  3.0739  1.1407  0.6511  0.4107 

7.9840  2.9548  1.0931  0.6511  0.4107 

7.4667  2.9179  1.0443  0.6511  0.4107 


16 
17 
L8 
L9 
20 


7.0254  2.8206  0.9617  0.6398  0.4107 

6.2041  2.7984  0.9166  0.6361  0.3994 

5.6417  2.7984  0.9015  0.4274  0.3769 

5.5303  2.6868  0.8865  0.5297  0.3506 

5.3178  2.6257  0.8815  0.5009  0.3469 


21 
22 

23 
:, 
25 


4.9502  2.6183  0.8815  0.5009  0.3318 

4.7811  2.5648  0.8815  0.5009  0.3206 

5.2322  2.4783  0.8815  0.5009  0.3206 

5.1160  2.2499  0.8815  0.5009  0.3206 

4.6611  2.0662  0.8815  0.5009  0.3206 


26 
27 

2K 
29 
30 
31 


4.7284 
4.820  7 
4.8421 
4.6243 
4.4384 
4.3326 


2.0096 
1.9217 
1.9262 
1.7562 
1.6756 


0.8815 
0.8815 
0.8815 
0.8815 
0.8815 
0.8815 


0.4896 
0.4821 
0.4708 
0.4595 
0.4445 
0.4370 


0.3206 
0.3206 
0.3206 
0.3206 
0.  3206 


Average    rate,    cfs 
Total  yield,    inches 


5.1100        2.8830        1.1066 
14.962  8.169  3.240 


0.6175 
1.808 


0.37  76 
1.070 


Average   annual    race: 
Total   annual  yield: 
Peak   flow: 


MILLER   CREEK   DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER   19 36-SEPTEMBER   1937. 


I.M.'l 


NOV 


DEC 


IAN 


FEB 


MAR 


APR 


MAY 


JUNE 


JULY 


AUG 


SEPT 


0.3206 
0.3206 
0.3206 
0.3206 
0.3206 


0.3356 
0.3528 
0.3523 
0.3061 
0.2905 


0.2905 
0.2905 
0.2905 
0.2905 
0.2905 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.3656 
0.3957 
0.4672 

0.9426 
1.3898 


3.7756 
4.2168 
3.6833 
3.4289 
3.  3444 


0.7763 
0.7563 
0.7362 
0.7162 
0.6999 


0.2629 
0.2492 
0.2316 
0.2179 
0.2104 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.3206 
0.3206 
0.3206 
0.3206 
0.3206 


0.2805 
0.2705 
0.2705 
0.2705 
0.2  705 


0.2905 
0.2905 
0.2905 
0.2905 
0.2905 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705  1.7775 

0.2705  2.2399 

0.2705  2.7321 

0.2796  3.3027 

0.2905  3.7850 


3.  1764 
3.0405 
2.8673 
2.6234 
2.4455 


0.6812 
0.6624 
0.6474 
0.6323 
0.6061 


0.2028 
0.2003 
0.1928 
0.1903 
0.1903 


0.1603 
0.1603 
0. 1603 
0.  1603 
0. 1603 


11 
12 

]  1 
14 
15 


0.3206 
0.3206 
0.3206 
0.3206 
0.  3206 


0.2868 
0.3055 
0.305S 
0.3055 
0.3055 


0.2992 
0.2888 
0.2849 
0.2899 
0.2904 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2905 
0.2905 
0.2942 
0.3055 
0.3168 


4.0815 
4.3464 
4.5660 
4.1833 
5.0463 


2.329  3 
2.2108 
2.0772 
1.8764 
1.8839 


0.5873 
0.5722 
0.5572 
0.5422 
0.5271 


0.1878 
0.1803 
0.1803 
0.1778 
0. 1703 


0.1603 
0.1603 
0.1603 
0.1528 
0.  1503 


L6 
17 
18 
19 

JO 


0.3206  0.2942  0.2849  0.2705  0.2705  0.2705 

0.3206  0.2905  0.2805  0.2705  0.2705  0.2705 

0.3055  0.2905  0.2805  0.2705  0.2705  0.2705 

0.2905  0.2905  0.2805  0.2705  0.2705  0.2705 

0.2905  0.2905  0.2805  0.2705  0.2705  0.2705 


0.3318  5.2675 

0.3393  5.5017 

0.3506  5.5294 

0.3506  5.5294 

0.3506  5.5294 


1.9693 
1.9082 
1.8008 
1.6951 
1.5912 


0.5121 
0.4971 
0.4821 
0.4595 
0.4445 


0.1703 
0.  1678 
0.  1603 
0.1603 
0. 1603 


0.  1503 
0.1503 
0.1478 
0.1402 
0.1402 


21 

J  2 
.'  ) 
24 
2b 


0.2905 

0.2830 
0.2805 
0.2880 
0.2905 


0.2905 
0.2905 
0.2905 
0.2905 
0.2905 


0.2730 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2  705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.3506 
0.3506 
0.3506 
0.3506 
0.3506 


5.5294 
5.5294 
5.5294 
5.7605 
5.7933 


1.4892 
1 .  3889 
1 .  29  30 
1.2071 
1. 1169 


0.4295 
0.4145 
0.3957 
0.3769 
0.3619 


0.1603 
0.  1603 
0.1603 
0.1603 
0.1603 


0.1402 
0.1402 
0.1402 
0.1402 
0.1402 


26 
27 

.  a 

29 

10 

il 


0.2942 
0.2986 
0.24  70 
0.2167 
0.3671 
0.3949 


0.2905 
0.2905 
0.2905 
0.2905 
0.2905 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.  3506 
0.3506 
0. 3506 
0.3506 
0.3506 


5. 3510 
5.0213 
4.782  7 
4.7384 
4.5910 
4.4434 


1.0268 
0.9466 
0.9015 
0.8665 
0.8214 


0.3469 
0.3318 
0.3093 
0.2942 
0.2830 
0.2730 


0.  1603 
0.1603 
0.1603 
0.1603 
0.  1603 
0.1603 


0.1402 
0.1402 
0.  1402 
0.  1402 
0.1402 


Average    rate,    cfs 

Total   yield,    inches 


0.3091 
0.905 


0.2957 
0.838 


0.2821 
0.826 


0.2705 
0.792 


0.2705 
0.715 


0.2705 
0.792 


0.3152 

M.fV,     ( 


4.0215 
11.775 


2.0999 
5.950 


0.5133 
1.503 


0.1814 
0.531 


0. 1553 
0.440 


Average   annual    rate:    0.7488   cfs. 
Total   annual   yield:      25.96   area   Inches 
Peak    flow:      6.0553   cfs,    0400  hrs.    25   May 
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MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  193 7-SEPTEMBER  1938- 


OCT 


NO\ 


DEC 


JAN 


FEB 


MAR 


\I'K 


MAY 


JUNE 


JULY 


AUG 


SEPT 


0.1402 
0.1402 
0.1402 
0.1402 
0.1402 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1448 
0.1428 
0.1582 
0.1734 
0.1925 


0.1603 
0.1603 
0.1603 
0.1603 

0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


1.6171 
2.1561 
1.9662 
1.6423 
1.5144 


1.5738 
2.0367 
1.9217 
1.7964 
1.7150 


0.4365 
0.4558 
0.4858 
0.5200 
0.5046 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


0.3521 
0.2955 
0.2780 
0.2629 
0.2522 


6 

7 
8 
9 

in 


0.1402 
0.1402 
0.1402 
0.1402 
0.1402 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1503 

0.1416 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1227 
0.1439 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 

0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


1.4638 
1.4137 
1.3578 
1.3622 
1.6230 


1.6409 
1.5514 
1.4991 
1.4336 
1.3764 


0.5009 
0.4670 
0.4253 
0.3994 
0.3844 


0.2705 
0.2705 
0.2754 
0.2242 
0.1950 


0.2504 
0.2504 
0.3089 
0.2989 
0.2780 


11 
12 
13 

14 
15 


0.1339 
0.1152 
0.1002 
0.1465 
0.5772 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.2903 
0.3982 
0.1978 
0.1824 
0.1803 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1496 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1684 

0.2245 
0.3806 


2.0192 
2.5170 
3.1091 

3.7214 
4.3334 


1.3612 
1.2769 
1.2290 
1.2071 
1.1732 


0.3806 
0.3656 
0.3512 
0.3351 
0.3287 


0. 1878 
0.2003 
0.2104 
0.2179 
0.2204 


'J.  2705 
0.2705 
0.2705 
0.2705 
0.2705 


16 
17 
18 
19 
20 


0.2617 
0.2590 
0.1822 
0.1803 
0.1728 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1803 
0.1803 
0.1803 
0.1803 
0.1803 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1196 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.5610 
0.7413 
0.9639 
1.1169 
1.2626 


5.0300 
4.9066 
4.0972 
3.2357 
2.7457 


1.0918 
1.0455 
1.0205 
0.9867 
0.9408 


0.3206 
0.3206 
0.3206 
0.3206 
0.3206 


0.2242 
0.2392 
0.2529 
0.2629 
0.2705 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


-"1 
22 
23 
24 
25 


0.1628 
0.1678 
0.1703 
0.1628 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1654 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


1.4264 
1.5914 
1.7678 
1.9629 
2.1412 


2.3936 
2.2065 
2.4080 
2.8011 
3.0293 


0.9216 
0.8245 
0.6211 
0.6211 
0.6211 


0.3206 
0.3206 
0.3206 
0.3206 
0.3206 


0.2705 
0.2705 
0.2780 
0.2805 
0.2780 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


26 
27 
28 
29 
30 
31 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0-1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 
0. 1569 


0.1603 
0.1603 
0.1603 


0.1603 
0.1603 
0.1603 
0.1603 
0.1603 
0.1603 


1.9451 
1.7155 
1.9679 
1.9666 
1.9952 


3.1033 
3.1781 
3.0248 
2.6507 
2.3658 
2.2518 


0.6211 
0.6211 
0.6511 
0.8002 
0.6135 


0.3206 
0.3065 
0.2905 
0.2820 
0.2705 
0.2705 


0.2660 
0.2579 
0.2504 
0.2504 
0.2504 
0.2894 


0.2705 
0.2705 
0.2705 
0.2705 
0.2705 


Average  rate,  cfs 
Total  yield,  inches 


0.1714 
0.502 


0.1602 
0.454 


0.1773 
0.519 


0.1602 
0.469 


0.1569 
0.415 


0.1603 
0.469 


0.8608 
2.439 


2.6206 
7.673 


1.1597 
3.286 


0.3648 
1.068 


0.2521 
0.738 


0.2746 
0.778 


Average  annual  rate:   0.5432  cfs. 
Total  annual  yield:   18.81  area  inches 
Peak  flow:   5.2584  cfs,  1300  hrs.  16  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1938-SEPTEMBER  1939. 


1 

0.2705 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.4367 

2.2989 

1.3622 

0.2905 

0.1177 

0.0601 

2 

0.2705 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.6184 

3.3289 

1.1673 

0.2905 

0.1102 

0.0601 

3 

0.2705 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.8133 

3.6539 

1.0894 

0.2905 

0.1077 

0.0576 

4 

0.2705 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.9157 

3.9983 

1.0718 

0.2905 

0.1002 

0.0501 

5 

0.2705 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.8410 

3.8578 

1.0749 

0.2905 

0.1002 

0.0501 

6 

ii.27i.is 

0.2705 

0.1803 

0.1803 

0.1728 

0.1603 

0.6477 

3.2634 

1.0692 

0.2905 

0.1002 

0.0934 

7 

0.2705 

0.2705 

0.1803 

0.1803 

0.1703 

0.1603 

0.5469 

2.8047 

0.9882 

0.2812 

0.1002 

0.1205 

8 

0.2705 

0.2679 

0.1803 

0.1803 

0.1703 

0.1603 

0.5593 

2.5450 

0.9617 

0.2705 

0.1002 

0.0726 

9 

0.2705 

0.2579 

0.1803 

0.1803 

0.1703 

0.1528 

0.6211 

2.4706 

0.9976 

0.2705 

0.1002 

0.0601 

10 

0.2705 

0.2467 

0.1803 

0.1803 

0.1703 

0.1503 

0.6266 

2.4584 

0.9466 

0.2705 

0.1002 

0.0601 

11 

0.2705 

0.2316 

0.1803 

0.1803 

0.1703 

0.1503 

0.5944 

2.4527 

0.9416 

0.2655 

0.1002 

0.0999 

12 

0.2705 

0.2104 

0.1803 

0.1803 

0.1703 

0.1503 

0.6620 

2.2321 

0.9416 

0.2605 

0.1002 

0.0787 

13 

0.2705 

0.1903 

0.1803 

0.1803 

0.1703 

0.1503 

0.9247 

2.0954 

0.9416 

0.2487 

0.1002 

0.0560 

14 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

1.0049 

2.0409 

0.9416 

0.2354 

0.1002 

0.0400 

15 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

0.8684 

2.0153 

0.9331 

0.2131 

0.0977 

0.0400 

16 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

0.7673 

1.9352 

0.9216 

0.1917 

0.0901 

0.0400 

17 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

0.7788 

1.9026 

0.8608 

0.1803 

0.0877 

0.0400 

18 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

0.8440 

1.8441 

0.7527 

0.1687 

0.0801 

0.0400 

19 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

0.9013 

1.7017 

0.7125 

0.1603 

0.0801 

0.0400 

20 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

1.0507 

1.5976 

0.6840 

0.1556 

0.0801 

0.0400 

21 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

1.2967 

1.5495 

0.6549 

0.1503 

0.0776 

0.0400 

22 

0.2705 

0.1803 

0.1803 

0.1803 

0.1703 

0.1503 

1.6774 

1.5081 

0.6330 

0.1423 

0.0676 

0.0400 

23 

0.2705 

0.1803 

0.1803 

0.1803 

0.1628 

0.1428 

2.0624 

1.4288 

0.6211 

0.1402 

0.0601 

0.0400 

24 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.1402 

2.4950 

1.4387 

0.6402 

0.1402 

0.0601 

0.0476 

25 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.1452 

2.2308 

1.3444 

0.6061 

0.1402 

0.0601 

0.0501 

26 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.1484 

1.9528 

1.3057 

0.5472 

0.1352 

0.0626 

0.0501 

27 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.1428 

1.9151 

1.2860 

0.4758 

0.1277 

0.0701 

0.0501 

28 

0.2705 

0.1803 

0.1803 

0.1803 

0.1603 

0.1503 

2.1496 

1.2817 

0.4004 

0.1202 

0.0701 

0.0501 

29 

0.2705 

0.1803 

0.1803 

0.1803 



0.1717 

2.4134 

1.2730 

0.3450 

0.1315 

0.0676 

0.0576 

30 

0.2705 

0.1803 

0.1803 

0.1803 



0.1728 

2.6859 

1.2543 

0.2971 

0.1202 

0.0601 

0.0601 

31 

0.2705 



0.1803 

0.1803 



0.2176 



1.2938 



0.1202 

0.0601 



Average  rate,  cfs 

0.2705 

0.2121 

0.1803 

0.1803 

0.1702 

0.1554 

1.1967 

2.1114 

0.8191 

0.2059 

0.0861 

0.0561 

Total 

yield,  inches   0.792 

0.601 

0.528 

0.528 

0.450 

0.455 

3.391 

6.182 

2.321 

0.603 

0.252 

0.159 

Average  annual  rate:   0.4703  cfs. 
Total  annual  yield:   16.26  area  inches 
Peak  flow:   4.1514  cfs,  1700  hrs.  4  May 
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MILLER   CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1939-SEPTEMBER    1940. 


1 

0.0601 

0.0977 

0.1002 

0.  1002 

0.  1002 

0.  1402 

0. 3281 

1.0804 

0.8170 

0.6168 

0.1202 

0.  1402 

J 

0.1720 

0.1002 

0.1002 

0.1002 

0.1002 

0.1402 

0.3206 

1.2847 

0.7913 

0.3067 

0.1202 

0.1402 

J 

0.1102 

0.1245 

0.1002 

0.1002 

0.1002 

0.1402 

0.2980 

1.7984 

0.7563 

0.2140 

0.1202 

0. 1315 

4 

0.  1002 

0. 1428 

0. 1002 

0. 1002 

0. 1002 

0.1402 

0.2755 

2.  1410 

0.  7327 

0.  1803 

0.1202 

0.1139 

5 

0.0877 

0. 1302 

0.1002 

0. 1002 

0. 1002 

0.  1402 

0.2850 

2. 1303 

0.9199 

0.1803 

0.1202 

0.1202 

6 

0.0473 

0. 1177 

0.1002 

0. 1002 

0.1064 

0.1402 

0.3550 

2.1803 

0.7075 

0.1803 

0.1202 

0.1202 

7 

0.0400 

0. 1027 

0.1002 

0.1002 

0. 1402 

0.1402 

0.3866 

2.2074 

0.6731 

0.1803 

0.1202 

0.1202 

8 

0.0400 

0.0851 

0.1002 

0. 1002 

0. 1402 

0.  1402 

0.4373 

2.3134 

0.6589 

0.  1753 

0.1202 

0.1202 

9 

0.0400 

0.0801 

0.1002 

0. 1002 

0. 1402 

0. 1402 

0.5547 

2.5017 

0.6439 

0.1603 

0.  1102 

0.1202 

10 

0.0400 

0.0801 

0.  1002 

0.  1002 

0.  1402 

0.1402 

0.6211 

2.7736 

0.6289 

0.  1553 

0.1002 

0.1202 

1  1 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.1402 

0.5992 

3.0022 

0.6004 

0.1402 

0.1002 

0.1202 

L2 

0.0400 

0.0801 

0.1002 

0.  1002 

0. 1402 

0.  1402 

0.6085 

3.0572 

0.5484 

0.1520 

0.1002 

0.1202 

1  1 

0.0400 

0.0801 

0.1002 

0. 1002 

0.1402 

0.  1402 

0.7689 

2.9595 

0.5165 

0.1603 

0.1002 

0.1202 

14 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.1402 

0.9291 

2.6955 

0.5009 

0.1603 

0.1052 

0.1202 

15 

0.0400 

0.0801 

0.1002 

0. 1002 

0.1402 

0.1402 

1.0618 

2.4941 

0.5096 

0.1603 

0.1202 

0.1202 

16 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.1553 

0.9893 

2.4829 

0.5009 

0.1603 

0.1202 

0.1202 

17 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.1603 

0.8026 

2.3083 

0.4861 

0.1603 

0.1202 

0.1052 

L8 

0.0400 

0.0801 

0.1002 

0. 1658 

0.1402 

0.1603 

0.8571 

2.0211 

0.4583 

0.1603 

0.1202 

0.1002 

19 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.1603 

0.9567 

1.8001 

0.4338 

0.  1603 

0.1152 

0.1002 

2U 

0.0400 

0.0801 

0.1002 

0.1002 

0. 1402 

0.1603 

0.9917 

1.6836 

0.4595 

0.1452 

0.1002 

0.1002 

21 

0.0400 

0.0801 

0.1002 

0.1002 

0. 1402 

0.1640 

1.0080 

1.5203 

0.4708 

0. 1402 

0.1152 

0.1002 

22 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.1984 

1.0455 

1.3065 

0.4633 

0. 1402 

0.1202 

0.1002 

23 

0.0400 

0.0801 

0.1002 

0.1002 

0.  1402 

0.2471 

1.0518 

1.2483 

0.4708 

0.1402 

0.1202 

0.1002 

.'4 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.3017 

1.1604 

1.1782 

0.4406 

0.1402 

0.1202 

0.1002 

25 

0.0400 

0.0801 

0.1002 

0.1002 

0.1402 

0.3722 

1.3894 

1. 1700 

0.4037 

0.1252 

0.1202 

0.1656 

2  b 

0.0493 

0.0801 

0.1002 

0.1002 

0.1402 

0.4407 

1.6433 

1. 1495 

0.2638 

0.1202 

0.1202 

0.1202 

27 

0.0601 

0.0877 

0.1002 

0.1002 

0.1402 

0.4309 

1.5216 

1.0743 

0.2661 

0.1202 

0.1202 

0.1202 

28 

0.0601 

0.0901 

0.1002 

0.1002 

0.1402 

0.3882 

1.2966 

1.0163 

0.3224 

0.1202 

0.1281 

0.1252 

2  4 

0.0626 

0.0977 

0.1002 

0.1002 

0.1402 

0.3806 

1.1805 

0.9604 

0.2934 

0.1202 

0.1402 

0.1402 

30 

0.0726 

0.1002 

0.1002 

0.1002 



0.3731 

1 . 0  39  3 

0.9059 

0.3611 

0.1202 

0.1402 

0.1402 

.11 

0.0877 



0.1002 

0.1002 



0.3506 



0.8640 



0.1202 

0.1402 



Avera 

;e   rate,    cfs 

0.0557 

0.0907 

0.1002 

0.1023 

0.  1274 

0.2111 

0.8255 

1.8487 

0.5364 

0. 1714 

0.1182 

0.1196 

Total 

yield,    inches 

0.163 

0.257 

0.293 

0.300 

0.349 

0.618 

2.339 

5.413 

1.520 

0.502 

0.346 

0.339 

Average   annual    rate:      0.3589    cfs. 
Total  annual  yield:       12.439   area  inches 
Peak    flow:      3.2272   cfs,    1415  hrs.    11  May 


MILLER   CREEK   DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER    1940-SEPTEMBER   1941. 


1 

2 
3 

4 

', 

<> 
J 
8 

•-> 
10 

1  I 
12 
13 
14 
15 

1. 
17 
18 
19 
20 

21 

23 
24 
25 

26 

27 
28 
29 
10 

31 

Average   rate,    cfs 
Total  yield,    inches 


0 

1402 

0 

2154 

0 

1402 

0 

2204 

0 

1402 

0 

2204 

0 

1402 

0 

1857 

u 

1402 

0 

1863 

0 

1402 

0 

2003 

0 

1402 

u 

2003 

0 

1402 

0 

2003 

0 

1402 

0 

2003 

0 

1402 

0 

2003 

0 

1402 

0 

2003 

0 

1402 

0 

2146 

0 

1402 

0 

2358 

IJ 

1402 

0 

2204 

0 

1402 

0 

2204 

0 

1402 

0 

2  354 

0 

1402 

0 

2605 

0 

1402 

0 

2805 

0 

1402 

0 

2905 

0 

1402 

0 

2905 

0 

1402 

0 

2905 

IJ 

1402 

0 

2905 

0 

1402 

0 

3024 

0 

1402 

IJ 

2905 

1) 

1402 

0 

2388 

IJ 

2528 

0 

1622 

0 

1803 

0 

1449 

0 

1803 

0 

1455 

0. 

1853 

0 

1402 

0 

2003 

0 

1402 

0. 

2003 



0 

1516 

1.1 

2206 

0 

444 

0 

625 

0.2504 

0.3994 

0.2905 

1.6323 

1.2557 

0.8740 

0.2605 

0.2204 

0.2429 

0.4107 

0.2905 

2.  1473 

1.6251 

0.8064 

0.2605 

0.2204 

0 

2504 

0.2204 

0.4107 

0.2855 

2.1383 

1.5  336 

0.7913 

0.2529 

0.2569 

0 

2279 

0.2489 

0.3951 

0.2730 

2.0289 

1.5921 

0.  7613 

0.2429 

0.2554 

0 

2204 

0.2504 

0.3806 

0.4680 

2. 1470 

1.4577 

0.7362 

0.2204 

0.2504 

0 

2054 

0.2504 

0.3806 

0.3581 

2.  15  30 

1.3923 

0.7317 

0.2204 

0.22  79 

0 

2003 

0.2504 

0.3844 

0.2778 

2.2245 

2.0655 

0.7312 

0.2204 

0.2204 

0 

1853 

0.2504 

0.3844 

0.2705 

3.2657 

1.7898 

0.7212 

0.2204 

0.2204 

0 

1653 

0.2504 

0.3806 

0.2830 

4.1958 

1.7609 

0.7212 

0.3269 

0.2054 

0 

1603 

0.2504 

0.3806 

0.3206 

4.8416 

1.7741 

0.7763 

0.2329 

0.2003 

0 

1603 

0.2637 

0.3731 

0. 3168 

5.5689 

1.4  764 

0.8214 

0.2204 

0.2003 

i) 

1603 

0.2805 

0.3506 

0.2972 

6.3458 

1.2575 

0.7813 

0.3743 

0.2003 

0 

1603 

0.2805 

0.3506 

0.3076 

6.8273 

1.2872 

0.7362 

0.2204 

0.2003 

0 

1452 

0.2805 

0.3431 

0.2805 

6.1285 

1.0618 

0.7087 

0.2204 

0.2003 

0 

1402 

0.3218 

0.3206 

0.3053 

5.1221 

0.9516 

0.6586 

0.2204 

0.2003 

0 

1402 

0.3393 

0.3431 

0.3500 

4.4365 

0.8540 

0.6511 

0.2229 

0.2154 

0 

1402 

0.3543 

0.3206 

0.3030 

4.5955 

0.6862 

0.6217 

0.2204 

0.2204 

0 

1402 

0.3656 

0.2830 

0.2830 

4.6031 

0.6511 

0.5578 

0.2204 

0.2204 

0 

1402 

0.3769 

0.2705 

0.2805 

3.6558 

0.6286 

0.2980 

0.2204 

0.2204 

l.l 

1252 

0.3919 

0.2579 

0.2805 

2.3660 

0.6135 

0.2830 

0.2204 

0.2204 

0 

1202 

0.3994 

0.2429 

0.3079 

1.9724 

0.5873 

0.2805 

0.2204 

0.2204 

0 

1323 

0.4145 

0.2204 

0.4407 

2.9183 

0.5647 

0.2805 

0.2204 

0.2204 

0 

1603 

0.4295 

0.2479 

0.6658 

4.0789 

0.5384 

0.2805 

0.2204 

0.2204 

0 

1603 

0.4209 

0.2392 

0.8661 

3.9052 

0.5084 

0.2805 

0.2204 

0.2054 

0 

1603 

0.4107 

0.2204 

1.0286 

3.3573 

0.5009 

0.2939 

0.2204 

0.2003 

I) 

1678 

0.3955 

0.2429 

1.26  71 

3.0089 

0.4783 

0.2942 

0.2204 

0.2003 

I) 

1703 

0.3656 

0.2750 

1.446  3 

2.90  39 

0.4558 

0.2730 

0.2204 

0.2003 

0. 

1825 

0.3656 

0.3206 

1.3876 

3.0517 

0.8095 

0.2605 

0.2204 

0.2003 

0 

2003 



0.3206 

1.5651 

2.6868 

1.0403 

0.2579 

0.2204 

0.2003 

II 

2154 



0.3206 

1.7810 

2.3269 

0.9166 

0.2605 

0.2204 

0.200  3 

0 

2279 



0.2980 



2.0387 



0.2605 

0.2204 



0. 

1602 

0.3188 

0.3248 

0.5625 

3.5051 

1.0704 

0.5597 

0.2336 

0.2149 

0 

469 

0.843 

0.951 

1.594 

10.263 

3.033 

1.586 

0.684 

0.609 

Average   annual    rate: 

Total   annual   yield: 

Peak    flow:       7.2558   cfs,    1400   hrs.    13  May 


70 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194 1-SEPTEMBER  1942. 


1 
2 
3 

4 

5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 

22 
23 
24 
25 

26 

27 
28 
29 
30 
31 


Average  rate,  cfs     0.2066 
Total  yield,  inches   0.605 

Average  annual  rate: 

Total  annual  yield: 

Peak  flow:   7.9669  cfs,  2000  hrs.  25  May 


0.2003 

0 

2204 

0.2003 

0. 

3752 

0.2003 

0 

2554 

0.2003 

0 

2354 

0.2003 

0 

2354 

0.2003 

0 

2354 

0.2003 

0 

2354 

0.2003 

0 

2354 

0.2003 

0 

2354 

0.2003 

0 

2279 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0 

2204 

0.2003 

0.2003 

0.2154 

0.2204 

0.2204 

0.2204 

0.2204 

0.2204 

0.2204 

0.2204 

0.2204 

0.2204 

0.2629 

0.3206 

0.2678 

0.8515 

3.6103 

1.1998 

0.5043 

0.2679 

0.2705 

0.3206 

0.3044 

0.7881 

5.0297 

1.5272 

0.4708 

0.2304 

0.2705 

0.3206 

0.3922 

0.7312 

5.1354 

1.4630 

0.4412 

0.2204 

0.2780 

0.3206 

0.6612 

0.7312 

5.1269 

1.4007 

0.4430 

0.2204 

0.2805 

0.3206 

0.7946 

0.7312 

5.0953 

1.3273 

0.4383 

0.2204 

0.2830 

0.3206 

0.5935 

0.8134 

5.1981 

1.2240 

0.3819 

0.2204 

0.2905 

0.3206 

0.5813 

1.1685 

5.1741 

1.1712 

0.3506 

0.2204 

0.2905 

0.3168 

0.5982 

1.9400 

4.9848 

1.1514 

0.3506 

0.1978 

0 

2003 

0.3018 

0.3055 

0.7236 

2.5198 

4.6882 

1.0518 

0.3506 

0.1928 

0 

2003 

0.3055 

0.3055 

0.8658 

2.7962 

4.4928 

0.9519 

0.3506 

0.2204 

fi 

2003 

0.3055 

0.2942 

1.1232 

2.6505 

4.3008 

0.9216 

0.3506 

0.2229 

0 

2003 

0.3055 

0.2905 

1.2633 

2.4043 

3.9633 

0.8765 

0.3506 

0.3500 

0 

2003 

0.3091 

0.2880 

1.4139 

2.0941 

3.7157 

0.8665 

0.3594 

0.2204 

0 

2003 

0.3206 

0.2805 

1.6110 

1.9115 

3.5219 

0.8652 

0.3506 

0.2204 

0 

2003 

0.3206 

0.2805 

1.6662 

2.0009 

3.3716 

0.8515 

0.3374 

0.2204 

0 

2003 

0.3206 

0.2805 

1.3868 

2.4555 

3.1857 

0.8515 

0.3146 

0.1903 

0 

2003 

0.3206 

0.2730 

1.4662 

2.1159 

3.0504 

0.8515 

0.2992 

0.1828 

0 

2003 

0.3206 

0.2705 

1.3874 

2.1325 

2.9436 

0.8515 

0.2905 

0.1903 

0 

2003 

0.3206 

0.2679 

1.2167 

2.3344 

2.7960 

0.7964 

0.2992 

0.1903 

0 

2078 

0.3206 

0.2605 

1.6301 

2.1277 

2.6419 

0.7463 

0.2905 

0.1903 

0 

2104 

0.3206 

0.2605 

2.5671 

3.6187 

2.5644 

0.7262 

0.2905 

0.1828 

0 

2128 

0.3206 

0.2605 

3.1940 

5.1240 

2.4746 

0.6887 

0.2880 

0.1803 

0 

2204 

0.3206 

0.2529 

3.1465 

6.6040 

2.4346 

0.6812 

0.2805 

0.1803 

0 

2204 

0.3206 

0.2504 

2.4735 

7.1748 

2.3383 

0.6580 

0.2873 

0.1803 

0 

2316 

0.3206 

0.2504 

2.0253 

7.3331 

2.1847 

0.6511 

0.3432 

0.1803 

0 

2354 

0.3206 

0.2392 

1.5359 

7.4755 

2.0725 

0.6248 

0.2830 

0.1803 

0 

2392 

0.3206 

0.2354 

1.2230 

5.9920 

1.9899 

0.5948 

0.2730 

0.1803 

0 

2504 

0.3206 

0.2354 

1.1219 

5.0911 

1.9081 

0.5910 

0.2805 

0.1803 

0 

2504 



0.2242 

1.0343 

4.6815 

1.8275 

0.5873 

0.2805 

0.1802 

0 

2579 



0.2204 

0.8740 

4.2740 

1.7148 

0.5688 

0.2805 

0.1803 

0 

2605 



0.2276 



4.1413 



0.5309 

0.2730 



0.3059 

0.2780 

1.3047 

3.1223 

3.4508 

0.8982 

0.3381 

0.2065 

0.809 

.814 

3.697 

9.142 

9.778 

2.630 

0.990 

0.585 

MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1942-SEPTEMBER  1943. 


i  >CT 


NOV 


DEC 


0.1803  0.2705  0.2204 

0.1803  0.2629  0.2204 

0.1803  0.2624  0.2204 

0.1803  0.2655  0.2204 

0.1803  0.2605  0.2204 

0.1803  0.2950  0.2204 

0.1803  0.2705  0.2204 

0.2104  0.2705  0.2204 

0.2204  0.*2554 

0.2204  0.2617 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 


Average  rate,  cfs     0.2087   0.2485 
Total  yield,  inches   0.611    0.704 


0 

2204 

0 

2999 

0 

2054 

0 

2552 

0 

2003 

0 

2504 

0 

2003 

0 

2504 

0 

2003 

0 

2717 

0 

2003 

0 

2755 

0 

2003 

0 

3005 

0 

2003 

0 

2279 

0 

2003 

0 

2204 

0 

2003 

0 

2204 

0 

2154 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2204 

0 

2429 

0 

2204 

0 

2503 

0 

2204 

0 

2269 

0 

2204 

0 

2724 



0.3206 

0.2003 

0.3321 

1.8300 

1.0921 

0.7269 

0.3979 

0.2609 

0.3206 

0.2660 

0.5134 

2.3995 

1.1695 

0.6889 

0.3694 

0.2504 

0.3206 

0.2204 

0.6500 

2.2407 

1.0614 

0.6595 

0.3506 

0.2504 

0.3206 

0.2204 

0.7029 

2.2228 

1.1208 

0.6439 

0.3356 

0.2504 

0.2504 

0.3206 

0.2392 

0.7291 

1.9667 

1.2279 

0.6032 

0.3068 

0.2504 

0.2504 

0.3206 

0.2204 

0.7759 

1.7897 

1.2649 

0.5353 

0.2905 

0.2504 

0.2504 

0.2380 

0.2108 

0.7713 

1.5148 

1.3040 

0.5090 

0.3235 

0.2504 

0.2504 

0.1803 

0.2003 

0.7663 

1.3063 

1.3701 

0.4926 

0.3049 

0.2504 

0.2504 

0.1803 

0.2003 

0.6923 

1.1685 

1.3640 

0.4858 

0.2905 

0.2360 

0.2504 

0.1803 

0.2003 

0.5531 

1.1840 

1.3148 

0.4752 

0.2905 

0.2204 

0.2504 

0.1803 

0.2003 

0.3924 

1.1681 

1.2659 

0.4633 

0.3022 

0.2204 

0.2504 

0.1803 

0.2078 

0.3093 

1.1373 

1.2144 

0.4407 

0.2805 

0.2204 

0.2504 

0.1803 

0.2104 

0.4132 

1.1164 

1.2238 

0.4733 

0.2805 

0.2204 

0.2504 

0.1803 

0.2128 

0.7049 

1.1117 

1.2797 

0.4821 

0.2805 

0.2204 

0.2504 

0.1803 

0.2204 

0.9532 

1.0894 

1.2170 

0.5208 

0.2805 

0.2204 

0.2579 

0.1803 

0.2204 

1.0036 

1.0393 

1.1595 

0.4996 

0.2880 

0.2204 

0.2605 

0.1953 

0.2204 

1.0572 

0.9754 

1.0969 

0.4633 

0.2905 

0.2095 

0.2629 

0.2003 

0.2316 

1.0147 

0.9416 

1.0518 

0.4407 

0.3248 

0.2003 

0.2705 

0.2003 

0.2354 

1.0342 

0.9266 

1.0278 

0.4407 

0.3282 

0.2003 

0.2705 

0.2003 

0.2467 

1.0941 

0.9245 

0.9825 

0.4407 

0.3281 

0.2003 

0.2780 

0.2003 

0.2504 

1.1085 

0.9404 

0.9617 

0.4577 

0.3206 

0.2003 

0.2805 

0.2003 

0.2504 

1.1211 

0.9677 

0.9617 

0.4733 

0.3206 

0.2003 

0.2830 

0.2003 

0.2504 

1.2191 

1.0017 

0.9516 

0.4342 

0.2830 

0.2003 

0.2905 

0.2003 

0.2504 

1.6599 

1.0216 

0.9316 

0.4257 

0.2705 

0.2003 

0.2905 

0.2003 

0.2529 

2.1906 

1.0238 

0.8880 

0.4257 

0.2705 

0.2003 

0.3018 

0.2003 

0.2605 

1.9663 

1.0424 

0.8233 

0.3919 

0.2679 

0.2003 

0.3055 

0.2003 

0.2605 

1.7092 

0.9973 

0.7722 

0.3806 

0.2605 

0.2078 

0.3093 

0.2003 

0.2629 

1.6910 

0.9717 

0.8233 

0.3806 

0.2579 

0.2232 

0.3206 



0.2705 

1.8007 

0.9546 

0.8066 

0.3806 

0.2504 

0.2204 

0.3206 



0.2705 

1.9840 

0.9567 

0.7529 

0.3806 

0.2504 

0.2204 

0.3206 



0.2705 



1.0003 



0.3806 

0.2655 



0.2380 

0.2208 

0.2333 

1.0302 

1.2558 

1.0827 

0.4836 

0.2988 

0.2336 

0.697 

0.584 

0.683 

2.919 

3.677 

3.068 

1.416 

0.875 

0.662 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow:   2.6138  cfs, 


1515  hrs.  1  May 


71 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194  3-SEPTEMBER  1944- 


1 

0.2204 

2 

0.2204 

3 

0.2204 

4 

0.2204 

j 

0.2204 

6 

0.2204 

? 

0.2204 

8 

0.2204 

9 

0.2204 

LO 

0.2204 

11 

0.4604 

12 

0.2755 

13 

0.2705 

14 

0.2705 

15 

0.2705 

16 

0.2705 

1/ 

0.2705 

18 

0.3058 

L9 

0.3393 

20 

0.3030 

21 

0.2756 

22 

0.2705 

23 

24 

23 

26 

27 

28 

29 

30 

H 

Average  rate,  cfs 

Total  yield,  inches 

0.9615 

2.6979 

0.9975 

0.4708 

0.2279 

0.3320 

0.9412 

3.9853 

0.9617 

0.4708 

0.2204 

0.3824 

0.7640 

4.4589 

0.9529 

0.4708 

0.2204 

0.4558 

0.9559 

4.0361 

0.9383 

0.4708 

0.2204 

0.4897 

1.3531 

3.6619 

0.9040 

0.4708 

0.2204 

0.4526 

1.8266 

3.4314 

0.8684 

0.4708 

0.2204 

0.4730 

2.2862 

3.2147 

0.8515 

0.4511 

0.2204 

0.4708 

2.3178 

2.9498 

0.8214 

0.4257 

0.2204 

0.4257 

2.7838 

2.7837 

0.7726 

0.4466 

0.2204 

0.4107 

3.0188 

2.4786 

0.7425 

0.4370 

0.2204 

0.4473 

3.0728 

2.2836 

0.7221 

0.4145 

0.2429 

0.4858 

3.2985 

2.1873 

0.7099 

0.3600 

0.2364 

0.4295 

3.6322 

2.1491 

0.6893 

0.3130 

0.2106 

0.4070 

3.9404 

2.0714 

0.6668 

0.3206 

0.2003 

0.3806 

4.0754 

1.9427 

0.6430 

0.3206 

0.2003 

0.3806 

4.0625 

1.8576 

0.6376 

0.3206 

0.2003 

0.3806 

3.7223 

1.7422 

0.6106 

0.3168 

0.2003 

0.3769 

2.9822 

1.6564 

0.6027 

0.2942 

0.2154 

0.3543 

2.5289 

1.5973 

0.5846 

0.2905 

0.2204 

0.3506 

2.2694 

1.5474 

0.5794 

0.2905 

0.2204 

0.3506 

2.3224 

1.4891 

0.5467 

0.3130 

0.2204 

0.3538 

2.6580 

1.4263 

0.5084 

0.3068 

0.2204 

0.3925 

2.8445 

1.3517 

0.5009 

0.2863 

0.2204 

0.4412 

2.5918 

1.2575 

0.5009 

0.2823 

0.2204 

0.5009 

2.2962 

1.2081 

0.5009 

0.2805 

0.2204 

0.4724 

2.1831 

1.3095 

0.5009 

0.2805 

0.2204 

0.5705 

2.1842 

1.2404 

0.4858 

0.2759 

0.2204 

0.8045 

2.1866 

1.1718 

0.4708 

0.2655 

0.2204 

1.2436 

2.1874 

1.1221 

0.4708 

0.2504 

0.2204 

1.3567 

2.1942 

1.0733 

0.4708 

0.2504 

0.2603 



2.1820 



0.4708 

0.2504 



0.4789 

2.4713 

2.1793 

0.6670 

0.3504 

0.2202 

1.357 

7.236 

6.175 

1.953 

1.026 

0.624 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow:   4.9283  cfs, 


1130  hrs.  2  June 

MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1944-SEPTEMBER  1945. 


OCT 


NOV 


DEC 


JAN 


FEU 


MAR 


APR 


MAY 


JUNE 


1 

0.2705 

0.3293 

2 

0.2679 

0.2980 

i 

0.2529 

0.2905 

4 

0.2504 

0.2880 

5 

0.2504 

0.4207 

<■ 

0.2504 

0.3612 

7 

0.2504 

0.3506 

8 

0.2504 

0.3469 

9 

0.2504 

0.3243 

10 

0.2504 

0.3206 

11 

0.2504 

0.3206 

L2 

0.2504 

0.3206 

1  1 

0.2504 

0.3206 

L4 

0.2504 

1  . 

0.2504 

H 

0.2504 

1/ 

0.2504 

1 8 

0.2504 

19 

0.2504 

.'" 

0.2504 

21 

0.2504 

22 

0.2504 

23 

0.2504 

24 

0.2504 

25 

0.2504 

26 

0.2504 

27 

0.2504 

28 

0.2504 

."! 

0.2504 

10 

0.2504 

u 

0.2504 

Average  rate,  cfs 

0.2517 

Total  yield,  inches 

0.737 

1.0853 

1.1169 

0.4802 

0.2204 

1.4136 

1.0727 

0.4821 

0.2204 

2.2182 

1.4874 

1.0393 

0.4858 

0.2204 

2.9569 

1.5871 

0.9825 

0.4746 

0.2204 

3.2660 

2.4194 

0.9525 

0.4595 

0.2204 

3.6065 

4.6340 

0.9374 

0.4445 

0.2204 

3.7772 

4.3508 

0.9487 

0.4295 

0.2204 

3.7838 

3.7376 

0.9366 

0.4145 

0.2154 

3.8282 

3.3944 

0.9266 

0.4107 

0.2003 

3.9499 

3.3037 

0.9531 

0.4214 

0.2003 

4.0444 

2.9673 

0.9070 

0.4257 

0.1953 

4.0022 

2.6931 

0.8668 

0.5047 

0.1803 

4.0121 

2.5518 

0.8515 

0.4520 

0.1803 

3.6228 

2.4202 

0.8515 

0.4445 

0.1853 

2.9377 

2.2834 

0.8364 

0.4182 

0.2003 

2.5630 

2.1844 

0.7730 

0.3994 

0.2003 

2.6531 

1.9855 

0.7513 

0.3844 

0.1903 

2.6102 

1.8499 

0.7463 

0.3850 

0.1941 

2.4508 

1.7149 

0.7220 

1.0276 

0.2154 

2.1571 

1.6311 

0.6633 

0.7168 

0.2204 

1.9038 

1.5272 

0.6145 

0.4720 

0.2204 

1.7552 

1.5527 

0.5923 

0.4051 

0.2204 

1.7829 

1.5506 

0.5696 

0.3669 

0.2007 

1.9213 

1.4567 

0.5542 

0.3545 

0.2054 

1.9933 

1.3517 

0.5234 

0.3130 

0.2204 

1.9264 

1.2805 

0.5450 

0.2905 

0.2204 

1.8281 

1.2494 

0.5378 

0.2880 

0.2454 

1.7477 

1.2315 

0.5319 

0.2805 

0.2679 

1.6798 

1.2196 

0.5221 

0.2730 

0.2705 

1.6233 

1.1679 

0.5168 

0.2679 

0.2705 

1.5902 



0.4861 

0.2421 



2.5219 

2.1090 

0.7684 

0.4262 

0.2153 

7.384 

5.976 

2.250 

1.248 

0.610 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow:   4.8559  cfs, 


0245  hrs.  6  June 


72 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 945-SEPTEMBER  1946. 


1 

0.2705 

0.2880 

2 

0.2705 

0.2880 

3 

0.2705 

0.2905 

4 

0.2705 

0.2905 

5 

0.2705 

0.2830 

6 

0.2780 

0.2805 

7 

0.2805 

0.2506 

8 

0.2805 

0.2880 

9 

0.2805 

0.2830 

10 

0.2805 

0.2805 

11 

0.3281 

0.2805 

12 

0.3469 

0.2728 

13 

0.3243 

0.2605 

14 

0.3206 

0.2905 

15 

0.3206 

0.2905 

16 

0.3206 

0.2905 

17 

0.3206 

IS 

0.2905 

19 

0.2805 

20 

0.2805 

21 

0.2805 

22 

0.2805 

23 

0.2805 

24 

0.2805 

25 

0.2805 

26 

0.2880 

27 

0.2905 

28 

0.2905 

29 

0.2905 

30 

0.2905 

31 

0.2905 

Average  rate,  cfs 

0.2911 

Total  yield,  inct 

es   0.853 

2.3179 

1.6593 

0.7513 

0.3381 

0.2705 

2.4726 

2.2242 

0.7463 

0.3206 

0.2705 

2.4625 

2.2407 

0.7371 

0.3130 

0.2705 

2.6369 

2.2151 

0.7214 

0.3055 

0.2705 

2.8092 

2.0866 

0.7040 

0.3130 

0.2705 

2.8024 

1.9373 

0.6702 

0.3206 

0.2554 

2.6257 

1.8075 

0.6436 

0.3069 

0.2504 

2.4974 

1.6801 

0.6333 

0.2949 

0.2429 

2.3443 

1.6170 

0.6211 

0.2880 

0.2204 

2.0796 

1.5399 

0.6079 

0.2805 

0.2204 

1.8389 

1.4639 

0.5851 

0.2880 

0.2154 

1.6777 

1.4003 

0.5760 

0.3212 

0.2003 

0 

8097 

1.6105 

1.3450 

0.5691 

0.3432 

0.2003 

1 

3027 

1 . 5640 

1.2934 

0.5469 

0.2705 

0.2003 

1 

4014 

1.5272 

0.2490 

0.5162 

0.2705 

0.2003 

1 

4282 

1.5553 

1.2175 

0.4279 

0.2705 

0.2049 

1 

7459 

1.5880 

1.1946 

0.3916 

0.2705 

0.2204 

2 

1980 

1.6088 

1.1820 

0.3390 

0.2705 

0.2204 

2 

3636 

1.5472 

1.1620 

0.3224 

0.2705 

0.2054 

2 

6630 

1.4761 

1.1104 

0.3072 

0.2705 

0.1953 

2 

5763 

1.4858 

1.0278 

0.3021 

0.2705 

0.1803 

2 

3319 

1.4501 

0.9717 

0.3116 

0.2682 

0.1803 

2 

3018 

1.3994 

0.9543 

0.3506 

0.2579 

0.1803 

2 

5694 

1.2966 

0.9627 

0.4032 

0.2504 

0.1903 

3 

0454 

1.2155 

0.9278 

0.3678 

0.2504 

0.1803 

! 

6147 

1.1820 

0.9040 

0.3871 

0.2504 

0.1803 

3 

8857 

1.2309 

0.8684 

0.3374 

0.2655 

0.1803 

3 

7795 

2.8588 

0.8515 

0.3206 

0.2705 

0.1803 

3 

5656 

2.4285 

0.8056 

0.3243 

0.2705 

0.1803 

3 

3702 

2.3048 

0.7571 

0.3371 

0.2705 

0.1953 



2.2270 



0.3469 

0.2705 



1.9380 

1.3544 

0.4901 

0.2843 

0.2144 

5.678 

3.840 

1.436 

0.833 

0.608 

Average  annual  rate: 

Total  annual  yield: 

Peak  flow:   3.0701  cfs,  1530  hrs. 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1946-SEPTEMBER  1947. 


1 

0.4551 

2 

0.2125 

3 

0.2003 

4 

0.2003 

5 

0.2003 

6 

0.2003 

7 

0.2141 

8 

0.2204 

9 

0.2154 

10 

0.2003 

11 

0.2003 

12 

0.2003 

13 

0.2003 

14 

0.2003 

15 

0.1853 

16 

0.1803 

17 

0.1728 

18 

0.1900 

19 

0.1753 

20 

0.1703 

21 

0.1728 

22 

0.1803 

23 

0.1803 

24 

0.1952 

25 

0.2030 

26 

27 

28 

29 

30 

31 

Average  rate,  cfs 

Total  yield,  inches 

1.8840 

1.2548 

0.8214 

0.3668 

0.2003 

2.9661 

1.6644 

0.7722 

0.3509 

0.2003 

3.8998 

1.7302 

0.7563 

0.3431 

0.2003 

4.3868 

1.5623 

0.7621 

0.3872 

0.2003 

4.4888 

1.4388 

0.7262 

0.3193 

0.2003 

4.5648 

1.3950 

0.7040 

0.2780 

0.2003 

4.6412 

1.3640 

0.6818 

0.2705 

0.2003 

4.3572 

1.4109 

0.6760 

0.3237 

0.2003 

0 

2156 

3.9067 

1.4573 

0.6871 

0.3661 

0.2003 

0 

2003 

3.6210 

1.3104 

0.6402 

0.7676 

0.2003 

0 

1853 

3.5390 

1.4261 

0.6254 

0.3106 

0.2003 

(i 

1853 

3.6390 

1.5950 

0.5967 

0.2788 

0.2003 

0 

2429 

4.1175 

1.6106 

0.5573 

0.2429 

0.2003 

0 

4736 

3.9753 

1.4860 

0.5329 

0.2204 

0.2003 

11 

7455 

3.6998 

1.4121 

0.5223 

0.2204 

0.2003 

0 

8181 

3.4899 

1.3494 

0.4934 

0.2204 

0.2003 

0 

7871 

3.2880 

1.2903 

0.4658 

0.2204 

0.2003 

0 

7513 

3.1460 

1.2659 

0.3977 

0.2204 

0.2003 

0 

7476 

2.9595 

1.2030 

0.3724 

0.2204 

0.2003 

0 

9969 

2.8000 

1.2428 

0.3836 

0.2204 

0.2003 

1 

2385 

2.6762 

1.1944 

0.3506 

0.2204 

0.2003 

1 

1775 

2.5727 

1.1407 

0.3738 

0.2204 

0.2003 

0 

9691 

2.4716 

1.0748 

0.3412 

0.2204 

0.2003 

0 

9266 

2.3386 

1.0142 

0.2905 

0.2204 

0.2003 

0 

9166 

2.2464 

0.9806 

0.2905 

0.2204 

0.2003 

1 

0118 

2.2009 

0.9617 

0.2880 

0.2154 

0.2003 

1 

1148 

2.1610 

0.9567 

0.2805 

0.2997 

0.2003 

] 

1643 

2.0650 

0.9366 

0.2805 

0.2279 

0.1853 

] 

5113 

1.9048 

0.9166 

0.2980 

0.2028 

0.1803 

2 

0521 

1.8408 

0.8755 

0.3431 

0.1978 

0.1853 

1. 7742 



0.3329 

0. 2003 



3.1466 

1.2831 

0.5041 

0.2772 

0.1986 

9.219 

3.638 

1.477 

0.812 

0.563 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow:   4.8559  cfs, 


1500  hrs.  6  May 


73 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194 7-SEPTEMBER  1948. 


1 

0.2003 

2 

0.2003 

3 

0.2003 

4 

0.2003 

5 

0.2003 

6 

0.2003 

7 

R 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

L9 

:u 

21 

22 

."■ 

24 

25 

26 

27 

28 

29 

to 

31 

Average  rate,  cfs 

Total  yield,  inches 

3.0732 

0.9241 

0.4407 

0.3844 

3.4572 

1.1880 

0.4407 

0.3806 

3.2259 

1.1185 

0.4407 

0.3806 

3.0216 

1.0731 

0.4890 

0.3806 

1.2836 

2.8261 

1.0294 

0.5334 

0.3806 

1.6099 

2.6241 

1.0007 

0.4788 

0.3806 

2.1036 

2.5076 

0.9567 

0.4529 

0.3806 

2.0445 

2.4201 

0.9366 

0.4558 

0.3368 

1.5417 

2.3419 

0.9036 

0.4407 

0.3206 

1.2178 

2.2125 

0.8740 

0.4407 

0.3206 

1.0794 

2.0726 

0.8377 

0.4370 

0.3206 

1.2233 

1.9558 

0.8214 

0.4257 

0.3206 

1.7050 

1.8744 

0.8133 

0.4257 

0.3206 

2.4197 

1.7314 

0.8045 

0.4220 

0.3130 

2.8033 

1.6234 

0.7338 

0.4107 

0.2905 

3.4881 

1.6132 

0.6978 

0.4107 

0.2905 

3.6328 

1.5720 

0.6662 

0.4107 

0.2905 

3.6644 

1.4640 

0.6436 

0.4107 

0.3281 

3.1204 

1.4102 

0.6671 

0.4107 

0.3652 

4.7180 

1.4543 

0.6615 

0.4107 

0.3206 

5.0849 

2.3334 

0.6361 

0.4032 

0.2980 

5.0071 

2.0755 

0.6135 

0.3806 

0.2880 

4.8541 

1.8952 

0.5935 

0.3806 

0.2805 

4.8482 

1.7148 

0.5948 

0.3806 

0.2805 

5.3394 

1.6347 

0.5685 

0.4032 

0.2805 

5.3383 

1.5471 

0.5293 

0.4107 

0.2805 

5.2887 

1.4630 

0.5009 

0.4032 

0.2880 

4.9843 

1.3818 

0.5009 

0.3806 

0.2905 

4. 4025 

1.3011 

0.5009 

0.3806 

0.2905 

3.9515 

1.2511 

0.4934 

0.4128 

0.2905 

3.7417 



0.4633 

0.3957 



2.0344 

0.7526 

0.4229 

0.3224 

5.768 

2.205 

1.239 

0.914 

Average  annual  rate: 

Total  annual  yield: 

Peak  flow:   5.5199  cfs,  1600  hrs.  20  May 

MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1948-SEPTENBER  1949. 


DAY 


OCT 


NOV 


!>]■< 


JAN 


FEB 


MAU 


APR 


MAY 


JUNE 


1 

0.2880 

0.2204 

2 

0.2805 

0.2812 

3 

0.2805 

0.2504 

4 

0.2830 

0.2230 

5 

0.3419 

0.2101 

6 

0.3281 

7 

0.2955 

x 

0.2805 

9 

0.2805 

10 

0.2780 

11 

0.2705 

12 

0.2655 

1  1 

0.2279 

14 

0.2862 

15 

0.5045 

16 

0.2805 

1/ 

0.2805 

L8 

0.2805 

19 

0.2730 

JO 

0.2705 

21 

0.2705 

22 

0.2705 

23 

0.2705 

24 

0.2705 

J'- 

0.2705 

J'. 

0.2705 

27 

0.2554 

2H 

0.2429 

."< 

0.2204 

10 

0.2204 

M 

0.2204 

Averate  rate,  cfs 

0.2792 

Total  yield,  inches 

0.818 

0.1803 

0.2204 

1.4923 

2.2367 

1.1895 

0 

4257 

0.2629 

0.2204 

2.3935 

2.8140 

1.1169 

0 

4257 

0.2905 

0.2154 

3.1715 

2.6331 

1.0568 

0 

4257 

0.2755 

0.2442 

3.3863 

2.5298 

1.0142 

0 

4257 

0.2705 

0.2918 

2.8103 

2.3839 

0.9416 

0 

4934 

0.2705 

0.3437 

2.3486 

2.3263 

0.8690 

0 

5121 

0.2705 

0.4514 

2.1434 

2.2338 

0.7763 

0 

5009 

0.2705 

0.5253 

2.3116 

2.1353 

0.6987 

0 

5009 

0.2705 

0.4182 

2.8784 

2.0448 

0.6361 

0 

5009 

0.2705 

0.4934 

3.6506 

2.0448 

0.5760 

0 

5046 

0.2705 

0.5009 

4.0459 

2.0311 

0.5159 

0 

5046 

0.2705 

0.5347 

4.1280 

1.9898 

0.4558 

0.2554 

0.5910 

4.4127 

1.9693 

0.4295 

0.2504 

0.6737 

4.6774 

1.9625 

0.4145 

0.2504 

0.7375 

4.5313 

1.9420 

0.4107 

0.2504 

0.7813 

3.9717 

1.9557 

0.4107 

0.2504 

0.8364 

5.2039 

1.8544 

0.4107 

0.2504 

0.8740 

5.4068 

1.7807 

0.4107 

0.2504 

0.9266 

5.3575 

1.7542 

0.4220 

0.2504 

1.0243 

5.1951 

1.6820 

0.4746 

0.2504 

1.1345 

5.2506 

1.5976 

0.5982 

0.2504 

1.2146 

4.9518 

1.5208 

0.5700 

0.2504 

1.2575 

4.6364 

1.4702 

0.5387 

0.2504 

1.3025 

4.4639 

1.4450 

0.5084 

0.2504 

1.3889 

4.2500 

1.4387 

0.4821 

0.2279 

1.4892 

4.1568 

1.4199 

0.4520 

0.2204 

1.5989 

3.9444 

1.3950 

0.4370 

0.2204 

1.7016 

3.6210 

1.3701 

0.4257 

0.2204 

1.7609 

3.4758 

1.3270 

0.4257 

0.2204 

1.8140 

3.2330 

1.2697 

0.4257 

0.2204 



3.1523 



0.4257 

0.2502 

0.8521 

3.8245 

1.8838 

0.5970 

0.733 

2.416 

11.205 

5.341 

1.749 

Average  annual  rate: 

Total  annual  yield: 

Peak  flow:   5.6712  cfs,  1200  hrs.  17  May 


74 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1949-SEPTEMBER  1950. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUNE     JULY 


1 
2 
3 

4 

5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate: 

Total  annual  yield : 

Peak  flow:   5.2955  cfs,  1045  hrs 


0.7513 

3.4817 

1.3047 

0.5159 

0.2754 

0.7212 

3.1864 

1.3206 

0.4683 

0.2805 

0.6801 

2.7118 

1.3721 

0.4802 

0.2748 

0.6179 

2.7666 

1.2302 

0.4548 

0.2738 

0.5529 

2.8094 

1.1890 

0.4359 

0.2716 

0.5084 

3.0040 

1.1349 

0.4211 

0.2705 

0.4768 

2.7327 

1.1667 

0.4025 

0.2768 

0.4228 

2.4561 

1.1267 

0.3870 

0.2840 

0.3592 

2.2784 

1.0880 

0.3766 

0.2805 

0.4994 

2.2280 

1.1102 

0.3947 

0.2953 

0.7936 

2.2771 

1.0272 

0.3984 

0.2905 

1.3264 

2.2814 

0.9608 

0.3982 

0.2830 

1.7986 

2.2098 

0.9241 

0.3979 

0.2805 

2.3274 

2.1493 

0.8941 

0.3977 

0.2805 

2.8902 

2.0836 

0.8630 

0.3757 

0.2805 

3.3955 

2.0133 

0.8397 

0.3587 

0.2730 

3.8738 

1.9387 

0.8408 

0.3681 

0.2705 

4.0154 

1.8908 

0.8352 

0.3731 

0.2705 

3.5234 

1.8404 

0.8019 

0.3441 

0.2705 

3.3938 

1.7836 

0.7564 

0.3287 

0.2705 

3.3498 

1.7535 

0.7298 

0.3345 

0.2705 

4.2102 

1.7230 

0.7114 

0.3225 

0.2705 

4.6846 

1.6814 

0.7079 

0.3071 

0.2674 

4.7979 

1.6483 

0.6901 

0.2955 

0.2504 

4.3108 

1.5830 

0.6743 

0.2891 

0.2504 

3.7071 

1.5330 

0.6523 

0.2910 

0.2504 

1.0518   3.6712 

1.4964 

0.6343 

0.2950 

0.2504 

0.9692   3.7559 

1.4579 

0.6570 

0.2929 

0.2504 

0.8640   3.6254 

1.4090 

0.6256 

0.2922 

0.2504 

0.7866   3.7655 

1.3820 

0.6165 

0.2907 

0.2504 

3.6725 



0.5760 

0.2827 



2.4653 

2.1246 

0.9093 

0.3666 

0.2702 

7.223 

6.024 

2.664 

1.074 

0.766 

24  May 
MILLER  CREEK  DISCHARGE, 


CUBIC  FEET  PER  SECOND,  OCTOBER  1950-SEPTEMBER  1951. 


1 

0.2504 

0.1603 

2 

0.2392 

0.1578 

3 

0.2354 

0.1578 

4 

0.2354 

0.1603 

5 

0.2354 

0.1603 

6 

0.2354 

0.1603 

7 

0.2242 

0.1603 

8 

0.2204 

0.1603 

9 

0.2204 

0.1619 

10 

0.2204 

0.1803 

11 

0.2204 

0.1803 

12 

0.2128 

0.1803 

13 

0.2104 

0.1803 

14 

0.2104 

0.1728 

15 

0.2104 

0,1628 

16 

0.2104 

0.1603 

17 

0.2028 

0.1603 

18 

0.2003 

0.1503 

19 

0.2003 

0.1479 

20 

0.2003 

0.1402 

21 

0.2003 

0.1202 

22 

0.1928 

0.1077 

23 

0.1903 

0.1202 

24 

0.1903 

0.1302 

25 

0.1903 

0.1603 

26 

0.1903 

0.1603 

27 

0.1728 

0.1603 

28 

0.1603 

0.1603 

29 

0.1603 

0.1603 

30 

0.1603 

0.1603 

31 

0.1603 



Average  rate,  cfs     0.2051   0.1569 
Total  yield,  inches   0.601    0.445 


0.9197 

1.9757 

1.0729 

1.1107 

0.2905 

0.7210 

2.5196 

1.4516 

1.1169 

0.2905 

0.6441 

2.3336 

1.5147 

1.1402 

0.2830 

0.9617 

2.2837 

1.5848 

1.2661 

0.2805 

1.7599 

2.1715 

1.6494 

1.1528 

0.2780 

2.3961 

2.0981 

1.6767 

0.4908 

0.2705 

2.6917 

1.9765 

1.7372 

0.3206 

0.2705 

2.6978 

1.8372 

1.7477 

0.3206 

0.2629 

0.6211 

2.7393 

1.7874 

0.9562 

0.3080 

0.2605 

0.5741 

2.8594 

1.8087 

0.6887 

0.2705 

0.2605 

0.6511 

3.0860 

1.6820 

0.7112 

0.2705 

0.2529 

0.6856 

3.1233 

1.6494 

0.7262 

0.2705 

0.2504 

0.6056 

2.7004 

1.6299 

0.7563 

0.2705 

0.2467 

0.6471 

2.3649 

1.5719 

0.8364 

0.2705 

0.2354 

0.6361 

2.1967 

1.5272 

0.8740 

0.2655 

0.2354 

0.6135 

1.8186 

1.5144 

0.8815 

0.2504 

0.2242 

0.6677 

2.5279 

1.4892 

0.9216 

0.2504 

0.2204 

0.8139 

3.0770 

1.4136 

0.9617 

0.2504 

0.2204 

0.9267 

3.7861 

1.3950 

0.9516 

0.4524 

0.2179 

1.0675 

4.2811 

1.3640 

0.9216 

0.3005 

0.2104 

0.8727 

4.5537 

1.3393 

0.9216 

0.2805 

0.2104 

0.7438 

4.9049 

1.3147 

0.9717 

0.2730 

0.2028 

0.8193 

4.6403 

1.2636 

1.0042 

0.2705 

0.2003 

1.0579 

4.4919 

1.2196 

1.0518 

0.2705 

0.2003 

0.8982 

4.3540 

1.2196 

1.0518 

0.2705 

0.2154 

0.8632 

4.2668 

1.1946 

1.0518 

0.2705 

0.2204 

0.9627 

4.1968 

1.2196 

1.1037 

0.2705 

0.2054 

1.2711 

3.9777 

1.2575 

1.1506 

0.3080 

0.2087 

1.3128 

3.6021 

1.2659 

1.0763 

0.3093 

0.2204 

1.1423 

3.3009 

1.3271 

1.0618 

0.3055 

0.2128 



2.9711 



1.0919 

0.2942 





2.9852 

1.6203 

1.1011 

0.4342 

0.2384 



8.746 

4.594 

3.226 

1.272 

0.676 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow:   5.7856  cfs, 


1500  hrs.  22  May 
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MILLER   CREEK   DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER   1951-SEPTEMBER   1952. 


NOV 


APR 


MAY 


JUNE 


JULY 


AUG 


SEPT 


1 

I 

4 
5 

6 

7 
8 
9 

Li) 

1  1 
L2 
1  '• 
14 
L5 

L6 

17 
18 

1') 
20 

21 
22 
23 

24 

y. 

26 
27 

1'H 

29 

10 
31 

Average  rate,   cfs 
Total  yield,    inches 


0.2179 

0.2003 

0.1803 

0.1603 

0.2128 

0.1853 

0.1803 

0.1603 

0.3432 

0.1803 

0.1803 

0.1603 

0.2980 

0.1803 

0.1803 

0.1753 

0.2529 

0.1803 

0.1803 

0.1803 

0.2204 

0.1803 

0.1803 

0.1803 

0.2204 

0.1803 

0.1803 

0.2054 

0.1803 

0.1803 

0.1928 

0.1803 

0.1803 

0.1903 

0.1803 

0.1803 

0.1978 

0.1803 

0.1803 

0.2078 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1903 

0.2104 

0.1803 

0.1978 

0.2104 

0.1803 

0.2003 

0.2104 

0.1803 

0.2003 

0.2104 

0.1803 

0.2003 

0.2104 

0.1803 

0.2003 

0.2104 

0.1803 

0.2003 

0.2028 

0.1803 

0.1928 

0.2003 

0.1803 

0.1903 

0.2003 

0.1803 

0.1903 

0.2003 

0.1803 

0.1903 

0.2003 



0.1903 

0.2165 

0.1810 

0.1889 

0.634 

0.513 

0.553 

0.1728  2.0662  3.9104 

0.1703  3.2554  4.2152 

0.1703  3.8075  3.9545 

0.1703  4.2630  3.8116 

0.2051  4.3447  3.7098 

0.3061  4.4285  3.6204 

0.4215  4.4468  3.3612 

0.3750  4.4351  3.1520 

0.2750  3.9770  3.0342 

0.2605  3.6187  2.8766 


0.2605 
0.2554 
0.3132 
0.3233 
0.2755 

0.2529 
0.3681 
0.6006 
0.7559 
0.7212 

0.7659 
0.8056 
0.8515 
1.4716 
2.2204 

2.5821 
2.4595 
2.6821 
2.5895 
2.3070 


0.8463 
2.398 


3.8833 
4.5310 
4.6307 
4.5138 
4.7108 

4.0416 
3.5282 
3.4741 
3.7967 
4.6856 

4.9963 
4.1609 
3.7257 
3.9408 
4.6097 

4.9041 
5.1920 
5.1629 
4.9374 
4.7959 
4.3455 

4.2319 
12.391 


2.9082 
2.8138 
2.6929 
2.6072 
2.5150 

2.4056 
2.3246 
2.2656 
2.1668 
2.0830 

2.0794 
2.0573 
2.0495 
2.2856 
1.9237 

1.8288 
1.7084 
1.5783 
1.5654 
1.5399 


2.6345 
7.465 


1.1549 
1.4585 
1.4013 
1.3518 
1.3027 

1.2362 
1.1705 
1.1345 
1.0643 
1.0368 

0.9842 
0.9667 
0.9466 
0.9466 
0.8865 

0.8865 
0.8615 
0.8565 
0.8189 
0.7425 

0.7275 
0.7413 
0.7312 
0.7262 
0.7012 

0.6887 
0.6924 
0.6395 
0.5347 
0.5432 
0.5850 

0.9197 
2.693 


0.7295 
0.5888 
0.5145 
0.4599 
0.4145 

0.4032 
0.4032 
0.3919 
0.4055 
0.4129 

0.3882 
0.3543 
0.3318 
0.3243 
0.3130 

0.2999 
0.2980 
0.2755 
0.2279 
0.2003 

0.2078 
0.2104 
0.2364 
0.2554 
0.2266 

0.2291 
0.2283 
0.2154 
0.2154 
0.2154 
0.2128 

0.3286 
0.962 


0.2104 
0.2128 
0.2154 
0.2078 
0.2028 

0.2003 
0.2003 
0.2003 
0.1853 
0.1803 

0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1653 
0.1603 
0.1603 
0.1603 
0.1828 


0.1849 
0.524 


Average  annual  rate: 

Total  annual  yield: 

Peak  flow:   5.3699  cfs,  0830  hrs.  27  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1952-SEPTEMBER  1953. 


1 

0.1903 

0.2705 

0.2679 

0.1803 

0.1803 

0.1803 

0.2104 

0.6887 

2.6374 

1.2062 

0.4902 

0.2504 

2 

0.1903 

0.2705 

0.2629 

0.1803 

0.1803 

0.1803 

0.2104 

0.5685 

3.5931 

1.5062 

0.5021 

0.2429 

1 

0.1903 

0.2705 

0.2605 

0.1803 

0.1803 

0.1803 

0.2104 

0.5232 

3.6909 

1.4745 

0.5163 

0.2204 

4 

0.1903 

0.2855 

0.2529 

0.1803 

0.1803 

0.1803 

0.2104 

0.5769 

3.7735 

1.4012 

0.4057 

0.2204 

5 

0.1903 

0.2905 

0.2504 

0.1803 

0.1803 

0.1803 

0.2104 

0.7832 

4.1690 

1.3282 

0.3882 

0.2128 

'. 

0.1903 

0.2905 

0.2504 

0.1803 

0.1803 

0.1803 

0.2104 

1.1820 

4.1686 

1.2772 

0.3393 

0.2104 

7 

0.1903 

0.2679 

0.2504 

0.1803 

0.1803 

0.1803 

0.2104 

1.4113 

5.0358 

1.2393 

0.3634 

0.2104 

8 

0.1903 

0.2605 

0.2467 

0.1803 

0.1803 

0.1803 

0.2104 

1.2535 

5.0014 

1.1881 

0.3715 

0.2028 

') 

0.1903 

0.2529 

0.2354 

0.1803 

0.1803 

0.1803 

0.2179 

0.9854 

4.8278 

1.1753 

0.3581 

0.2078 

L0 

0.1903 

0.2504 

0.2354 

0.1803 

0.1803 

0.1803 

0.2204 

0.8239 

4.7941 

1.2198 

0.3431 

0.2028 

1  1 

0.1978 

0.2579 

0.2242 

0.1803 

0.1803 

0.1803 

0.2204 

0.6927 

4.7094 

1.1219 

0.3356 

0.2003 

L2 

0.2003 

0.2605 

0.2204 

0.1803 

0.1803 

0.1803 

0.2204 

0.6135 

4.6260 

1.0994 

0.3356 

0.2003 

I  1 

0.2003 

0.2605 

0.2204 

0.1803 

0.1803 

0.1803 

0.2204 

0.8350 

4.3743 

1.0421 

0.3393 

0.2003 

14 

0.2003 

0.2679 

0.2204 

0.1803 

0.1803 

0.1803 

0.2204 

1.2356 

3.9790 

0.9954 

0.3262 

0.2003 

L5 

0.2003 

0.2629 

0.2204 

0.1803 

0.1803 

0.1803 

0.2173 

1.5290 

3.6367 

0.9927 

0.3393 

0.2003 

L6 

0.2003 

0.2529 

0.2104 

0.1803 

0.1803 

0.1803 

0.2279 

1.7148 

3.4287 

0.9283 

0.3356 

0.2003 

17 

0.2003 

0.2504 

0.2028 

0.1803 

0.1803 

0.1803 

0.2392 

2.0815 

3.2603 

0.8732 

0.3243 

0.2003 

L8 

0.2003 

0.2504 

0.2003 

0.1803 

0.1803 

0.1878 

0.2354 

2.6713 

3.0608 

0.8321 

0.3206 

0.2003 

L9 

0.2078 

0.2504 

0.2003 

0.1803 

0.1803 

0.1903 

0.2939 

3.1974 

2.8579 

0.7893 

0.3206 

0.1928 

20 

0.2104 

0.2504 

0.2003 

0.1803 

0.1803 

0.1903 

0.5685 

3.6239 

2.6735 

0.7601 

0.3018 

0.1903 

.'1 

0.2104 

0.2504 

0.2003 

0.1803 

0.1803 

0.1828 

0.9241 

2.9692 

2.5080 

0.7346 

0.3055 

0.1903 

2  2 

0.2179 

0.2504 

0.2003 

0.1803 

0.1803 

0.1803 

1.3847 

2.6392 

2.4004 

0.7283 

0.3055 

0.1903 

23 

0.2204 

0.2504 

0.2003 

0.1803 

0.1803 

0.1803 

1.8146 

2.5346 

2.2975 

0.7144 

0.3055 

0.1903 

24 

0.2316 

0.2504 

0.1928 

0.1803 

0.1803 

0.1803 

1.7479 

2.4161 

2.1656 

0.6799 

0.3055 

0.1903 

,: 

0.2467 

0.2579 

0.1903 

.1803 

0.1803 

0.2054 

1.5978 

2.1375 

2.0563 

0.  6405 

0.3055 

0.1903 

26 

0.2579 

0.2605 

0.1828 

0.1803 

0.1803 

0.2104 

1.5170 

2.2645 

1.9961 

0.6591 

0.3018 

0.1903 

2  7 

0.2605 

0.2605 

0.1803 

0.1803 

0.1803 

0.2104 

1.7542 

2.7223 

1.8811 

0.6276 

0.2905 

0.1903 

28 

0.2679 

0.2605 

0.1803 

0.1803 

0.1803 

0.2104 

2.3689 

3.2833 

1.8230 

0.5791 

0.2730 

0.1903 

29 

0.2705 

0.2605 

0.1803 

0.1803 



0.2104 

1.3723 

3.1288 

1.7400 

0.5497 

0.2542 

0.1903 

10 

0.2705 

0.2605 

0.1803 

0.1803 



0.2104 

0.9266 

2.8063 

1.6820 

0.5068 

0.2429 

0.1903 

1] 

0.2705 



0.1803 

0.1803 



0.2104 



3.0491 



0.4891 

0.2467 



Average   rate,    cfs 

0.2145 

0.2612 

0.2165 

0.1803 

0.1803 

0.1882 

0.6730 

1.8368 

3.2945 

0.9471 

0.3385 

0.2022 

Total 

yield,    inches 

0.628 

0.740 

0.634 

0.528 

0.477 

0.551 

1.907 

5.378 

9.335 

2.773 

0.991 

0.573 

Average  annual  rate:   0.7111  cfs 

Total  annual  yield:   24.515  area  inches 

Peak  flow:   5.4448  cfs,  1600  hrs.  7  June 
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MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1953-SEPTEMBER  1954. 


1 

0.1903 

0.2003 

0.1778 

0.2242 

0.2354 

0.2504 

0.3506 

0.3744 

0.2354 

0.1709 

0.1503 

0.1587 

2 

0.1978 

0.2078 

0.1925 

0.2204 

0.2504 

0.2504 

0.3506 

0.3110 

0.2288 

0.1754 

0.1503 

0.1376 

3 

0.2003 

0.2104 

0.1828 

0.2204 

0.2504 

0.2504 

0.3506 

0.3168 

0.2160 

0.1670 

0.1503 

0.1428 

4 

0.2003 

0.2028 

0.2022 

0.2204 

0.2504 

0.2504 

0.3769 

0.3811 

0.2104 

0.1685 

0.2672 

0.1692 

5 

0.2003 

0.2003 

0.2063 

0.2204 

0.2504 

0.2504 

0.4479 

0.4706 

0.2268 

0.1678 

0.1540 

0.1750 

6 

0.2003 

0.2003 

0.1803 

0.2204 

0.2504 

0.2504 

0.3716 

0.6286 

0.2449 

0.1662 

0.1450 

0.1578 

7 

0.2003 

0.2003 

0.1970 

0.2204 

0.2504 

0.2504 

0.2830 

0.7828 

0.2389 

0.1635 

0.1407 

0.1515 

8 

0.2003 

0.1928 

0.1803 

0.2204 

0.2504 

0.2705 

0.2679 

0.9182 

0.2193 

0.1650 

0.1402 

0.1615 

9 

0.2003 

0.1903 

0.1803 

0.2204 

0.2504 

0.2705 

0.3164 

1.0772 

0.2245 

0.1637 

0.1402 

0.1778 

10 

0.2003 

0.1903 

0.1949 

0.2204 

0.2504 

0.2705 

0.3043 

1.1382 

0.2258 

0.1603 

0.1402 

0.1828 

11 

0.2003 

0.1978 

0.2003 

0.2204 

0.2504 

0.2705 

0.2961 

1.0431 

0.2062 

0.1603 

0.1402 

0.1803 

12 

0.2003 

0.2003 

0.2078 

0.2204 

0.2504 

0.2705 

0.3874 

0.9100 

0.2003 

0.1603 

0.1402 

0.1803 

13 

0.2003 

0.2003 

0.2104 

0.2204 

0.2504 

0.2705 

0.4891 

0.8663 

0.2003 

0.1603 

0.1402 

0.1803 

14 

0.2003 

0.2003 

0.2179 

0.2204 

0.2504 

0.2805 

0.8457 

0.8211 

0.2048 

0.1528 

0.1428 

0.1803 

15 

0.2003 

0.2003 

0.2204 

0.2204 

0.2504 

0.2905 

0.5328 

0.7718 

0.2003 

0.1503 

0.1503 

0.1762 

16 

0.2003 

0.2003 

0.2204 

0.2204 

0.2504 

0.2905 

0.4245 

0.6834 

0.2144 

0.1503 

0.1503 

0.1703 

17 

0.2003 

0.2003 

0.2204 

0.2204 

0.2504 

0.2905 

0.5139 

0.5395 

0.1998 

0.1503 

0.1503 

0.1778 

18 

0.2003 

0.1853 

0.2204 

0.2204 

0.2504 

0.2905 

0.7346 

0.4644 

0.1991 

0.1520 

0.1503 

0.1803 

19 

0.2003 

0.1953 

0.2204 

0.2204 

0.2504 

0.2905 

0.6476 

0.4736 

0.1863 

0.1578 

0.1503 

0.1803 

20 

0.2003 

0.2003 

0.2204 

0.2204 

0.2504 

0.2905 

0.5605 

0.3030 

0.1803 

0.1578 

0.1503 

0.1803 

21 

0.2003 

0.2003 

0.2204 

0.2204 

0.2504 

0.3055 

0.4583 

0.3523 

0.1803 

0.1566 

0.1503 

0.1803 

22 

0.2003 

0.2003 

0.2204 

0.2204 

0.2504 

0.3206 

0.4025 

0.3440 

0.1772 

0.1503 

0.1518 

0.1803 

23 

0.2003 

0.1928 

0.2204 

0.2204 

0.2504 

0.3206 

0.3971 

0.2788 

0.1741 

0.1503 

0.1680 

0.1847 

24 

0.2003 

0.1903 

0.2204 

0.2204 

0.2504 

0.3206 

0.5455 

0.2705 

0.1753 

0.1503 

0.1703 

0.1803 

25 

0.2003 

0.1903 

0.2316 

0.2204 

0.2504 

0.3206 

0.6494 

0.2855 

0.1738 

0.1511 

0.1703 

0.1803 

26 

0.2003 

0.1603 

0.2354 

0.2204 

0.2504 

0.3206 

0.6331 

0.2838 

0.1869 

0.1563 

0.1726 

0.1803 

27 

0.2003 

0.1828 

0.2354 

0.2204 

0.2504 

0.3206 

0.6850 

0.2805 

0.2183 

0.1578 

0.1703 

0.1809 

28 

0.2003 

0.1803 

0.2354 

0.2204 

0.2504 

0.3356 

0.7170 

0.2730 

0.1916 

0.1503 

0.1703 

0.1807 

29 

0.2003 

0.1728 

0.2354 

0.2204 



0.3506 

0.5768 

0.2504 

0.1772 

0.1503 

0.1678 

0.1803 

30 

0.2003 

0.1703 

0.2354 

0.2204 



0.3656 

0.5043 

0.2515 

0.1678 

0.1503 

0.1603 

0.1803 

31 

0.2003 



0.2354 

0.2204 



0.3806 



0.2426 



0.1503 

0.1603 



Avera 

»e  rate,  cfs 

0.1998 

0.1938 

0.2121 

0.2206 

0.2499 

0.2917 

0.4807 

0.5287 

0.2029 

0.1578 

0.1568 

0.1736 

Total 

yield,  inches 

0.585 

0.549 

0.621 

0.646 

0.661 

0.854 

1.362 

1.548 

0.575 

0.462 

0.459 

0.492 

Average  annual  rate:   0.2557  cfs 
Total  annual  yield:   8.814  area  inches 
Peak  flow:   1.3223  cfs,  1730  hrs.  9  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PERSECOND,  OCTOBER  1954-SEPTEMBER  1955. 


1 

0.1803 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1603 

0.5309 

1.0124 

0.3338 

0.2136 

0.1803 

2 

0.1778 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1603 

0.4570 

0.9362 

0.3232 

0.2054 

0.1828 

3 

0.1703 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1603 

0.4109 

1.2233 

0.3023 

0.2052 

0.1828 

4 

0.1703 

0.1402 

0.1327 

0.1402 

0.1402 

0.1402 

0.1603 

0.5777 

1.2628 

0.2927 

0.2003 

0.1803 

5 

0.1628 

0.1402 

0.1302 

0.1402 

0.1402 

0.1402 

0.1603 

0.9436 

1.2692 

0.2854 

0.2003 

0.1803 

6 

0.1603 

0.1402 

0.1302 

0.1402 

0.1402 

0.1402 

0.1603 

1.4980 

1.2375 

0.2822 

0.2122 

0.1803 

7 

0.1578 

0.1402 

0.1378 

0.1402 

0.1402 

0.1402 

0.1603 

1.6155 

1.2414 

0.2810 

0.2167 

0.1803 

8 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1603 

1.7604 

1.1586 

0.2761 

0.2078 

0.1803 

9 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1603 

1.8653 

1.0675 

0.2670 

0.1948 

0.1803 

10 

0.1428 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1603 

1.8066 

1.0159 

0.2662 

0.1846 

0.1803 

11 

0.1402 

0.1428 

0.1402 

0.1402 

0.1402 

0.1402 

0.1578 

1.9018 

0.9617 

0.2674 

0.1832 

0.1803 

12 

0.1405 

0.2551 

0.1402 

0.1402 

0.1402 

0.1402 

0.1503 

2.0203 

0.1)090 

0.2566 

0.1826 

0.1803 

13 

0.1449 

0.1603 

0.1402 

0.1402 

0.1402 

0.1402 

0.1667 

2.3109 

0.8569 

0.2504 

0.2039 

0.1803 

14 

0.1402 

0.1603 

0.1402 

0.1402 

0.1402 

0.1402 

0.2022 

2.3257 

0.8618 

0.2461 

0.1878 

0.1803 

15 

0.1402 

0.1606 

0.1402 

0.1402 

0.1402 

0.1402 

0.2049 

1.8707 

0.7139 

0.2425 

0.1759 

0.1803 

16 

0.1402 

0.2770 

0.1402 

0.1402 

0.1402 

0.1402 

0.2247 

1.4547 

0.8558 

0.2434 

0.1878 

0.1803 

17 

0.1402 

0.1452 

0.1402 

0.1402 

0.1402 

0.1402 

0.2412 

1.2774 

0.7020 

0.2428 

0.1876 

0.1803 

18 

0.1410 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.2045 

1.2513 

0.6361 

0.2299 

0.1829 

0.1884 

19 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1828 

1.7238 

0.5666 

0.2279 

0.1803 

0.1969 

20 

0.1478 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1930 

2.2818 

0.5037 

0.2204 

0.1847 

0.1803 

21 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.2003 

2.7630 

0.4705 

0.2204 

0.1828 

0.1803 

22 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.1928 

2.6999 

0.4357 

0.2204 

0.1803 

0.1803 

23 

0.1428 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

n.  18  28 

2.3238 

0.4221 

0.2204 

0.1803 

0.1803 

24 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.2542 

2.1236 

0.4135 

0.2289 

0.1878 

0.1853 

25 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.4874 

1.7996 

0.3919 

0.2550 

0.2011 

0.2396 

26 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.5002 

1.5359 

0.3747 

0.2238 

0.1928 

0.2141 

27 

0.1503 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.2724 

1.2996 

0.3587 

0.2165 

0.1875 

0.1853 

28 

0.1478 

0.1402 

0.1402 

0.1402 

0.1402 

0.1402 

0.2494 

1.1738 

0.3406 

0.2149 

0.1828 

0.1803 

29 

0.1402 

0.1402 

0.1402 

0.1402 



0.1402 

0.2818 

1.0399 

0.3813 

0.2141 

0.1803 

0.1803 

30 

0.1402 

0.1402 

0.1402 

0.1402 



0.1542 

0.4387 

1.0636 

0.3560 

0.2060 

0.1803 

0.1803 

31 

0.1402 



0.1402 

0.1402 



0.1603 



1.1634 



0.2105 

0.1803 



Averag 

e  rate,  cfs 

0.1496 

0.1510 

0.1393 

0.1402 

0.1402 

0.1414 

0.2195 

1.5796 

0.7644 

0.2507 

0.1913 

0.1846 

Total 

yield,  inches 

0.438 

0.428 

0.408 

0.411 

0.371 

0.414 

0.622 

4.625 

2.166 

0.734 

0.560 

0.523 

Average  annual  rate:   0.3377  cfs 

Total  annual  yield:   11.700  area  inches 

Peak  flow:   3.2019  cfs,  1500  hrs.  21  May 
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MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1955-SEPTEMBER  1956. 


1 

0.1778 

0.2354 

0.2354 

0.2354 

0.2204 

0.2204 

0.4107 

1.1938 

0.9616 

0.5848 

0.2679 

0.2504 

2 

0.1703 

0.2369 

0.2354 

0.2354 

0.2204 

0.2204 

0.3957 

1.2780 

1.2506 

0.5591 

0.2617 

0.2467 

3 

0.1703 

0.2354 

0.2354 

0.2354 

0.2204 

0.2204 

0.3769 

1.5049 

1.4600 

0.5366 

0.2539 

0.2354 

4 

0.1703 

0.2354 

0.2354 

0.2354 

0.2204 

0.2204 

0.3656 

1.8573 

1.1820 

0.5140 

0.2648 

0.2354 

5 

0.1778 

0.2354 

0.2354 

0.2354 

0.2204 

0.2204 

0.3619 

2.1217 

1.1687 

0.4930 

0.2623 

0.2354 

6 

0.2003 

0.2354 

0.2354 

0.2354 

0.2204 

0.2204 

0.3907 

2.1141 

1.1169 

0.4455 

0.2554 

0.2354 

7 

0.2003 

0.2316 

0.2354 

0.2354 

0.2204 

0.2204 

0.3581 

2.1127 

1.0752 

0.4257 

0.2457 

0.2354 

8 

0.1953 

0.2204 

0.2354 

0.2354 

0.2204 

0.2204 

0.3656 

1.9969 

1.0435 

0.3985 

0.2567 

0.2449 

■i 

0.1903 

0.2204 

0.2354 

0.2354 

0.2204 

0.2204 

0.3769 

1.8431 

1.0138 

0.3863 

0.2705 

0.2504 

in 

0.1903 

0.2383 

0.2354 

0.2354 

0.2204 

0.2204 

0.4082 

2.0617 

0.9834 

0.3750 

0.2736 

0.2504 

n 

0.1903 

0.2242 

0.2354 

0.2467 

0.2204 

0.2204 

0.4520 

2.0929 

0.9617 

0.4263 

0.2679 

0.2504 

\i 

0.1903 

0.2204 

0.2354 

0.2504 

0.2204 

0.2204 

0.4858 

1.9085 

0.9274 

0.3543 

0.2674 

0.2504 

13 

0.2034 

0.2204 

0.2354 

0.2504 

0.2204 

0.2204 

0.4858 

1.7477 

0.9095 

0.3318 

0.2748 

0.2504 

14 

0.2204 

0.2204 

0.2354 

0.2504 

0.2204 

0.2204 

0.4670 

1.2800 

0.8892 

0.3233 

0.2892 

0.2504 

L5 

0.2204 

0.2354 

0.2579 

0.2204 

0.2204 

0.4520 

1.2977 

0.9074 

0.3215 

0.2861 

0.2504 

16 

0.2204 

0.2204 

0.2354 

0.2605 

0.2204 

0.2204 

0.5328 

1.4693 

.-0.8759 

0.3206 

0.2805 

0.2392 

17 

0.2204 

0.2242 

0.2354 

0.2605 

0.2204 

0.2204 

0.4564 

1.7271 

0.9082 

0.3168 

0.2717 

0.2354 

18 

0.2204 

0.2354 

0.2354 

0.2605 

0.2204 

0.2204 

0.8306 

2.4208 

0.9575 

0.3083 

0.2705 

0.2354 

I'f 

0.2435 

0.2354 

0.2354 

0.2605 

0.2204 

0.2204 

0.8849 

2.5877 

0.7317 

0.3065 

0.2755 

0.2354 

20 

0.2467 

0.2354 

0.2354 

0.2679 

0.2204 

0.2579 

0.9522 

2.4995 

0.7279 

0.2886 

0.2679 

0.2242 

2] 

0.2640 

0.2354 

0.2354 

0.2705 

0.2204 

0.3080 

1.0372 

2.4485 

0.7070 

0.2799 

0.2573 

0.2204 

.'.' 

0.2379 

0.2354 

0.2354 

0.2705 

0.2204 

0.3431 

1.1073 

2.3583 

0.6787 

0.3098 

0.2392 

0.2204 

23 

0.2504 

0.2354 

0.2354 

0.2705 

0.2204 

0.3506 

1.0792 

2.2593 

0.6599 

0.2717 

0.2242 

0.2204 

24 

0.2504 

0.2354 

0.2354 

0.2554 

0.2204 

0.3731 

0.9890 

2.2584 

0.6373 

0.2921 

0.4120 

0.2204 

25 

0.2504 

0.2354 

0.2354 

0.2504 

0.2204 

0.4032 

0.9806 

2.0697 

0.6292 

0.2774 

0.2867 

0.2204 

26 

0.2536 

0.2354 

0.2354 

0.2279 

0.2204 

0.4333 

1.5688 

1.8142 

0.6061 

0.2799 

0.2448 

0.2429 

27 

0.2504 

0.2354 

0.2354 

0.2204 

0.2204 

0.4182 

1.6429 

1.7605 

0.6004 

0.2748 

0.2554 

0.2504 

28 

0.2467 

0.2354 

0.2354 

0.2204 

0.2204 

0.3882 

1.4584 

1.6511 

0.5910 

0.2674 

0.2504 

0.2504 

■■< 

0.2354 

0.2354 

0.2354 

0.2204 

0.2204 

0.3806 

1.3915 

1.4808 

0.5844 

0.3060 

0.2354 

0.2504 

!(i 

0.2451 

0.2354 

0.2354 

0.2204 



0.4032 

1.2767 

1.3827 

0.5741 

0.2679 

0.2504 

0.2504 

31 

0.2373 



0.2354 

0.2204 



0.4107 



1.3291 



0.2705 

0.2504 



Average  rate,  cfs 

0.2174 

0.2310 

0.5978 

0.2440 

0.2204 

0.2792 

0.7442 

1.8674 

0.8768 

0.3584 

0.2666 

0.2395 

Total 

yield,  inches 

0.637 

0.655 

0.689 

0.715 

0.604 

0.818 

2.110 

5.471 

2.486 

1.050 

0.781 

0.679 

Average  annual  rate:   0.5119  cfs. 
Total  annual  yield:   16.695  area  inches 
Peak  flow:   3.0390  cfs,  1400  hrs.  19  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1956-SEPTEMBER  195  7. 


1 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1678 

0.2003 

0.8197 

3.5669 

1.1494 

0.4971 

0.2855 

2 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1678 

0.2003 

1.1750 

4.2753 

1.2874 

0.4821 

0.2830 

3 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2003 

1.1734 

4.4457 

1.2550 

0.4595 

0.2717 

4 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2003 

1.2455 

4.1797 

1.2512 

0.4445 

0.2705 

'. 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2003 

1.5970 

3.9321 

1.1946 

0.4257 

0.2705 

6 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2003 

1.8103 

3.7811 

1.2259 

0.3994 

0.2705 

7 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2003 

2.2842 

3.2948 

1.2506 

0.3844 

0.2629 

8 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2003 

2.3585 

2.9051 

1.2781 

0.3779 

0.2529 

') 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1703 

0.2116 

2.4174 

2.6887 

1.2506 

0.3694 

0.2392 

Hi 

0.2354 

0.2104 

0.2003 

0.1603 

0.1603 

0.1778 

0.2498 

2.3845 

2.8470 

1.2071 

0.3656 

0.2354 

11 

0.2354 

0.2104 

0.1903 

0.1603 

0.1603 

0.1803 

0.2892 

2.1448 

2.6647 

1.1670 

0.3769 

0.2242 

1.' 

0.2242 

0.2104 

0.1803 

0.1603 

0.1603 

0.1803 

0.3368 

1.8999 

2.5599 

1.1407 

0.4027 

0.2204 

1  l 

0.2243 

0.2104 

0.1803 

0.1603 

0.1603 

0.1803 

0.4082 

2.4912 

2.4418 

1.0931 

0.3525 

0.2204 

14 

0.2243 

0.2104 

0.1803 

0.1603 

0.1603 

0.1803 

0.3919 

3.1788 

2.3622 

1.0568 

0.3290 

0.2204 

1'. 

0.2243 

0.2104 

0.1803 

0.1603 

0.1603 

0.1803 

0.4082 

2.8226 

2.2977 

1.0268 

0.3299 

0.2204 

16 

0.2243 

0.2104 

0.1803 

0.1603 

0.1603 

0.1803 

0.3875 

2.4209 

2.2407 

0.9817 

0.3370 

0.2204 

17 

0.2243 

0.2104 

0.1803 

0.1603 

0.1603 

0.1803 

0.5140 

2.2126 

2.1632 

0.9416 

0.3252 

0.2204 

L8 

0.2243 

0.2028 

0.1803 

0.1603 

0.1603 

0.1803 

0.3469 

2.0450 

2.1003 

0.9066 

0.3140 

0.2939 

r< 

0.2243 

0.2003 

0.1803 

0.1603 

0.1603 

0.1803 

0.3055 

2.0591 

2.0448 

0.8828 

0.3149 

0.2518 

,'M 

0.2243 

0.2003 

0.1703 

0.1603 

0.1603 

0.1803 

0.3055 

2.3486 

2.0128 

0.8477 

0.3093 

0.2392 

21 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.3055 

2.6788 

1.8879 

0.9028 

0.3106 

0.2316 

22 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.3055 

3.0372 

1.7941 

0.8753 

0.4275 

0.2279 

23 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.3055 

3.3853 

1.7148 

0.7312 

0.3262 

0.2204 

:■', 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.3055 

3.7535 

1.6776 

0.6962 

0.3206 

0.2204 

25 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.3055 

4.1335 

1.6234 

0.6662 

0.3052 

0.2204 

26 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.3055 

4.1343 

1.5730 

0.6474 

0.2952 

0.2204 

27 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1903 

0.3055 

4.0491 

1.5570 

0.6248 

0.2855 

0.2204 

28 

0.2243 

0.2003 

0.1603 

0.1603 

0.1603 

0.1928 

0.3168 

3.7539 

1.4869 

0.6061 

0.2880 

0.2204 

_"i 

0.2243 

0.2003 

0.1603 

0.1603 



0.2003 

0.3856 

3.7342 

1.4261 

0.5760 

0.2958 

0.2204 

in 

0.2243 

0.2003 

0.1603 

0.1603 



0.2003 

0.5109 

4.4565 

1.4308 

0.5459 

0.3983 

0.2204 

31 

0.2243 



0.1603 

0.1603 



0.2003 



4.1184 



0.5159 

0.2961 



Average  rate,  cfs 

0.2256 

0.2060 

0.1795 

0.1603 

0.1603 

0.1802 

0.3033 

2.6527 

2.4974 

0.9601 

0.3594 

0.2398 

Total  yield,  inches 

0.661 

0.584 

0.526 

0.469 

0.424 

0.528 

0.860 

7.772 

7.081 

2.813 

1.053 

0.680 

Average  annual  rate:   0.6771  cfs. 
Total  annual  yield:   23.45  area  inches 
Peak  flow:   4.8920  cfs,  2400  hrs.  2  June 
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MILLER   CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER   1957-SEPTEMBER   1958. 


1 

0.2316 

0.2204 

0.2204 

0.1903 

0.1603 

0.1603 

0.7889 

2.4676 

1.0073 

0.8202 

0.3835 

0.2279 

2 

0.2242 

0.2104 

0.2204 

0.1978 

0.1603 

0.1603 

0.5221 

3.4437 

1.0879 

0.7651 

0.3562 

0.2204 

3 

0.2519 

0.2003 

0.2204 

0.2003 

0.1603 

0.1603 

0.5096 

3.4995 

1.8274 

0.7294 

0.3534 

0.2204 

4 

0.2392 

0.2003 

0.2204 

0.2003 

0.1603 

0.1603 

0.6662 

3.1261 

1.7543 

0.6996 

0.3515 

0.2204 

5 

0.2354 

0.2003 

0.2204 

0.2104 

0.1603 

0.1603 

0.7688 

2.8144 

1.7018 

0.6793 

0.3459 

0.2204 

6 

0.2242 

0.2003 

0.2204 

0.2204 

0.1603 

0.1603 

0.8915 

2.7057 

1.6121 

0.7152 

0.3463 

0.2204 

7 

0.2204 

0.2003 

0.2204 

0.2242 

0.1603 

0.1478 

0.9992 

2.8781 

1.5569 

0.7219 

0.3215 

0.2204 

8 

0.2204 

0.2003 

0.2204 

0.2354 

0.1603 

0.1302 

1.1695 

3.4877 

1.5017 

0.6930 

0.3187 

0.2204 

9 

0.2204 

0.2003 

0.2204 

0.2354 

0.1603 

0.1102 

1.0944 

4.0205 

1.4649 

0.6633 

0.3397 

0.2374 

10 

0.2204 

0.2003 

0.2204 

0.2354 

0.1528 

0.0977 

0.9341 

4.6996 

1.4096 

0.6549 

0.3065 

0.2179 

11 

0.2204 

0.2003 

0.1903 

0.2354 

0.1503 

0.0977 

0.7413 

5.2827 

1.3786 

0.6352 

0.2971 

0.2154 

12 

0.2204 

0.2003 

0.1803 

0.2354 

0.1628 

0.1002 

0.6398 

5.6874 

1.2964 

0.6267 

0.2896 

0.2358 

13 

0.2204 

0.2003 

0.1803 

0.2354 

0.1553 

0.1002 

0.6323 

5.6070 

1.3025 

0.6061 

0.2915 

0.2213 

14 

0.2204 

0.2003 

0.1803 

0.2354 

0.1428 

0.1027 

0.6173 

5.8309 

1.3147 

0.5939 

0.2896 

0.2204 

15 

0.2204 

0.2003 

0.1803 

0.2354 

0.1402 

0.1152 

0.6023 

5.7279 

1.3147 

0.5939 

0.2766 

0.2204 

16 

0.2204 

0.2003 

0.1803 

0.2354 

0.1478 

0.1177 

0.5910 

5.3051 

1.3147 

0.5619 

0.2880 

0.2204 

17 

0.2204 

0.2003 

0.1803 

0.2354 

0.1503 

0.1077 

0.5798 

5.1393 

1.3147 

0.5666 

0.2867 

0.2179 

18 

0.2204 

0.2003 

0.1803 

0.3159 

0.1503 

0.1252 

0.5647 

4.8296 

1.3147 

0.5675 

0.2805 

0.2104 

19 

0.2204 

0.2003 

0.1803 

0.2166 

0.1503 

0.1478 

0.5610 

4.4494 

1.2964 

0.5525 

0.2523 

0.2078 

20 

0.2204 

0.2003 

0.1803 

0.2492 

0.1503 

0.1703 

0.5497 

4.0174 

1.2842 

0.5300 

0.2442 

0.2003 

21 

0.2204 

0.2003 

0.1803 

0.2679 

0.1503 

0.1853 

0.5572 

3.6411 

1.2612 

0.5228 

0.2503 

0.2003 

22 

0.2204 

0.2003 

0.1803 

0.2842 

0.1678 

0.2028 

0.5647 

3.3561 

1.2331 

0.5027 

0.2607 

0.2003 

23 

0.2204 

0.2003 

0.1803 

0.2968 

0.1778 

0.2128 

0.5948 

3.0996 

1.1958 

0.5121 

0.2423 

0.2003 

24 

0.2204 

0.2003 

0.1803 

0.2705 

0.2028 

0.4458 

0.5572 

2.9409 

1.1783 

0.4955 

0.2420 

0.2003 

25 

0.2204 

0.2003 

0.1803 

0.2546 

0.1828 

0.5459 

0.4257 

2.7976 

1.1319 

0.4765 

0.2382 

0.2003 

26 

0.2204 

0.2003 

0.1803 

0.1820 

0.1703 

0.5760 

0.3970 

2.5832 

1.0471 

0.4670 

0.2345 

0.2003 

27 

0.2204 

0.2003 

0.1803 

0.1703 

0.1703 

0.6061 

2.0226 

2.4561 

0.8753 

0.4492 

0.2373 

0.2003 

28 

0.2204 

0.2003 

0.1803 

0.1678 

0.1703 

0.6361 

2.8411 

2.3604 

0.7822 

0.4304 

0.2534 

0.2004 

29 

0.2204 

0.2003 

0.1803 

0.1603 



0.6662 

2.4277 

2.2249 

0.8660 

0.4759 

0.2410 

0.2104 

30 

0.2204 

0.1903 

0.1803 

0.1603 



0.6887 

2.3102 

2.0881 

0.8396 

0.4539 

0.2401 

0.2184 

31 

0.2204 



0.1803 

0.1603 



0.7413 



2.0520 



0.4192 

0.2213 



Avera 

»e  rate,  cfs 

0.2229 

0.2007 

0.1935 

0.2242 

0.1602 

0.2539 

0.9033 

3.7108 

1.3074 

0.5860 

0.2860 

0.2141 

Total 

yield,  inches 

0.653 

0.569 

0.567 

0.657 

0.424 

0.744 

2.561 

10.872 

3.707 

1.717 

0.838 

0.607 

Average   annual    rate:      0.6886   cfs 
Total   annual   yield:      23.92   area    inches 
Peak    flow:      6.2504   cfs,    0500  hrs.    12  May 


MILLER   CREEK    DISCHARGE,    CUBIC    FEET    PER    SECOND,    OCTOBER    19S8-SEPTEMBER    1959. 


DAY 


1 

0.2104 

0.2204 

0.2003 

0.2128 

0.2655 

0.2880 

0.2584 

1.0195 

1.0067 

0.2429 

0.2078 

0.1803 

2 

0.2104 

0.2204 

0.2003 

0.2078 

0.2855 

0.2905 

0.3694 

1.2941 

0.9416 

0.2316 

0.2075 

0.1803 

3 

0.2104 

0.2204 

0.2003 

0.2154 

0.3130 

0.2905 

0.4655 

0.8755 

0.8340 

0.2316 

0.2033 

0.1803 

4 

0.2104 

0.2316 

0.2003 

0.2204 

0.3206 

0.2905 

0.4846 

0.6901 

0.7527 

0.2204 

0.2003 

0.1803 

5 

0.2197 

0.2229 

0.2003 

0.2204 

0.3130 

0.2905 

0.5737 

0.5943 

0.7166 

0.1928 

0.2054 

0.1728 

6 

0.2204 

0.2242 

0.2003 

0.2204 

0.3172 

0.2905 

0.6766 

0.5722 

0.6796 

0.1127 

0.2003 

0.1703 

7 

0.2204 

0.2229 

0.2003 

0.2204 

0.2730 

0.2905 

0.6707 

0.5710 

0.6361 

0.1102 

0.2003 

0.1678 

8 

0.2179 

0.2242 

0.2003 

0.2204 

0.2705 

0.2905 

0.4088 

0.6775 

0.5910 

0.1452 

0.2003 

0.1603 

9 

0.2104 

0.2354 

0.2003 

0.2128 

0.2705 

0.2905 

0.3393 

0.8552 

0.5384 

0.2104 

0.2003 

0.1603 

10 

0.2104 

0.2210 

0.2003 

0.2104 

0.2705 

0.2905 

0.3047 

0.9763 

0.5099 

0.2204 

0.2003 

0.1603 

11 

0.2104 

0.2388 

0.2605 

0.2104 

0.2705 

0.2905 

0.2867 

1.0289 

0.4733 

0.2204 

0.2097 

0.1603 

12 

0.2128 

0.2354 

0.2968 

0.2078 

0.2780 

0.2911 

0.3058 

1.1807 

0.4384 

0.2179 

0.2179 

0.1603 

13 

0.2204 

0.2354 

0.1853 

0.2003 

0.2805 

0.3055 

0.3490 

1.4525 

0.4210 

0.2104 

0.2104 

0.1628 

14 

0.2204 

0.2392 

0.2989 

0.1903 

0.2805 

0.2942 

0.3554 

1.5211 

0.4040 

0.2104 

0.2104 

0.1703 

15 

0.2204 

0.2298 

0.2242 

0.2054 

0.2730 

0.2961 

0.3356 

1.6626 

0.4005 

0.2175 

0.2104 

0.1877 

16 

0.2204 

0.2242 

0.1803 

0.2003 

0.2790 

0.2905 

0.2655 

1.6272 

0.3777 

0.2179 

0.2104 

0.1728 

17 

0.2185 

0.2465 

0.1803 

0.1878 

0.3259 

0.2918 

0.2279 

1.3069 

0.3519 

0.2168 

0.2078 

0.1703 

18 

0.2128 

0.2258 

0.1803 

0.1903 

0.2805 

0.3099 

0.2104 

1.1419 

0.3403 

0.2179 

0.2341 

0.1628 

19 

0.2156 

0.2204 

0.1803 

0.1903 

0.2780 

0.3206 

0.2078 

1.2302 

0.3469 

0.2179 

0.3221 

0.2136 

20 

0.2213 

0.2204 

0.1803 

0.1903 

0.2805 

0.3093 

0.2104 

1.2903 

0.3162 

0.2154 

0.3451 

0.1836 

21 

0.2204 

0.2179 

0.1803 

0.2242 

0.2805 

0.2980 

0.2143 

1.2506 

0.3046 

0.2104 

0.2279 

0.1761 

22 

0.2204 

0.2104 

0.1803 

0.2579 

0.2805 

0.2961 

0.2409 

1.2259 

0.2911 

0.2179 

0.1803 

0.1628 

23 

0.2204 

0.2104 

0.1803 

0.2679 

0.2805 

0.3271 

0.3540 

1.1833 

0.2759 

0.2204 

0.1803 

0.1630 

24 

0.2204 

0.2104 

0.1803 

0.2529 

0.2805 

0.3381 

0.6013 

1.1407 

0.2682 

0.2204 

0.1803 

0.1615 

25 

0.2204 

0.2104 

0.1803 

0.2467 

0.2805 

0.3055 

0.8515 

1.0982 

0.2603 

0.2204 

0.1803 

0.2156 

26 

0.2204 

0.2104 

0.1803 

0.2504 

0.2805 

0.2918 

1.3321 

1.0718 

0.2872 

0.2204 

0.1803 

0.1754 

27 

0.2204 

0.2083 

0.1828 

0.2504 

0.2805 

0.3133 

1.1027 

1.0268 

0.3009 

0.2179 

0.1803 

0.1656 

28 

0.-2204 

0.2507 

0.1903 

0.3352 

0.2805 

0.2942 

0.7786 

0.9817 

0.3819 

0.2078 

0.1803 

0.1603 

29 

0.2204 

0.2780 

0.1928 

0.2905 



0.2880 

0.7890 

0.9416 

0.2858 

0.2003 

0.1803 

0.1603 

30 

0.2204 

0.2003 

0.2104 

0.2705 



0.2755 

1.0680 

0.9166 

0.2529 

0.2003 

0.1803 

0.1603 

31 

0.2204 



0.2204 

0.2629 



0.2674 



0.9291 



0.2003 

0.1803 



Avera 

ge  rate,  cfs 

0.2171 

0.2254 

0.2014 

0.2270 

0.2097 

0.2966 

0.4874 

1.0745 

0.4659 

0.2068 

0.2075 

0.1718 

Total 

yield,  incl 

es   0.636 

0.639 

0.590 

0.665 

0.753 

0.869 

1.382 

3.148 

1.321 

0.606 

0.608 

0.487 

Average  annual  rate:   0.3326  cfs 
Total  annual  yield:   11.70  area  inches 
Peak  flow:   1.8349  cfs,  2145  hrs  13  May 


79 


MILLER   CREEK   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER   1959    -    SEPTEMBER   1960. 


DAY 

1 

2 
I 

4 
5 

6 

7 

S 

'< 

10 

11 

12 

1  i 
14 

1^ 

L6 
17 

IK 

]'» 

20 

21 
22 
21 
24 
25 

2-. 
27 
28 

2'! 
30 

31 

Average  rate,   cfs 
Total  yield,    inches 


0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.3206 

0.3469 

0.5876 

0.7014 

0.2128 

0.2140 

0.1991 

0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.3506 

0.3356 

0.7253 

0.6612 

0.2108 

0.2003 

0.1928 

0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.3806 

0.3581 

1.1478 

0.6154 

0.2108 

0.2003 

0.2068 

0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.4107 

0.4276 

1.3570 

0.5760 

0.1993 

0.2003 

0.1803 

0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.4407 

0.5434 

1.3091 

0.5186 

0.1937 

0.2003 

0.1803 

0.1603 

0.1327 

0.1803 

0.1803 

0.1803 

0.4670 

0.6758 

1.3523 

0.4746 

0.1964 

0.1973 

0.1803 

0.1603 

0.1327 

0.1803 

0.1803 

0.1803 

0.4765 

0.6856 

1.4979 

0.4785 

0.1916 

0.1903 

0.1803 

0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.5278 

0.8369 

1.8205 

0.4628 

0.1930 

0.1903 

0.1803 

0.1703 

0.1402 

0.1803 

0.1803 

0.1803 

0.4783 

0.9654 

2.0486 

0.4558 

0.1956 

0.1978 

0.1803 

0.1613 

0.1402 

0.1803 

0.1803 

0.1803 

0.4708 

0.9992 

2.3244 

0.4288 

0.1972 

0.2003 

0.1803 

0.1603 

0.1402 

0.1803 

0.1803 

0.1803 

0.4708 

0.9174 

2.6761 

0.4081 

0.1999 

0.2003 

0.1803 

0.1528 

0.1402 

0.1803 

0.1803 

0.1803 

0.4708 

0.8014 

3.0152 

0.3800 

0.1941 

0.2003 

0.1803 

0.1503 

0.1402 

0.1803 

0.1803 

0.1803 

0.4708 

0.6991 

2.8585 

0.3390 

0.1826 

0.1978 

0.1803 

0.1503 

0.1478 

0.1803 

0.1803 

0.1803 

0.4708 

0.6486 

2.2840 

0.3281 

0.1803 

0.1903 

0.1803 

0.1428 

0.1503 

0.1803 

0.1803 

0.1803 

0.4708 

0.6061 

1.9971 

0.3243 

0.1853 

0.1903 

0.1803 

0.1402 

0.1428 

0.1803 

0.1803 

0.1803 

0.4708 

0.5610 

1.9408 

0.3083 

0.1872 

0.1903 

0.1834 

0.1402 

0.1402 

0.1803 

0.1803 

0.1803 

0.4708 

0.5159 

1.8967 

0.3008 

0.1953 

0.1903 

0.1878 

0.1402 

0.1402 

0.1803 

0.1803 

0.1803 

0.4708 

0.5052 

1.6794 

0.2818 

0.1958 

0.1903 

0.1803 

0.1553 

0.1478 

0.1803 

0.1803 

0.1803 

0.4746 

0.5297 

1.3754 

0.3255 

0.1908 

0.1878 

0.1778 

0.1603 

0.1503 

0.1803 

0.1803 

0.1803 

0.4858 

0.5974 

1.1693 

0.2642 

0.1866 

0.1803 

0.1778 

0.1603 

0.1528 

0.1803 

0.1803 

0.1803 

0.5059 

0.8997 

1.0868 

0.2679 

0.1828 

0.1803 

0.1751 

0.1603 

0.1603 

0.1803 

0.1803 

0.1803 

0.5121 

1.2461 

1.0113 

0.2627 

0.1803 

0.1982 

0.1778 

0.1603 

0.1678 

0.1803 

0.1803 

0.1803 

0.5265 

1.0482 

0.9927 

0.2584 

0.1930 

0.1903 

0.1803 

0.1603 

0.1703 

0.1803 

0.1803 

0.1828 

0/4965 

0.7275 

1.0255 

0.2512 

0.2019 

0.1903 

0.1803 

0.1603 

0.1703 

0.1803 

0.1803 

0.2003 

0.4533 

0.6010 

0.9848 

0.2417 

0.2003 

0.1903 

0.1803 

0.1603 

0.1703 

0.1803 

0.1803 

0.2216 

0.4808 

0.5334 

0.9383 

0.2395 

0.2003 

0.1903 

0.1803 

0.1628 

0.1778 

0.1803 

0.1803 

0.2492 

0.5009 

0.5024 

0.9304 

0.2360 

0.2003 

0.1878 

0.1803 

0.1703 

0.1803 

0.1803 

0.1803 

0.2705 

0.4733 

0.4733 

0.8440 

0.2251 

0.2003 

0.1803 

0.1803 

0.1678 

0.1803 

0.1803 

0.1803 

0.2918 

0.3994 

0.4545 

0.8176 

0.2177 

0.2003 

0.1803 

0.1803 

0.1490 

0.1803 

0.1803 

0.1803 



0.3694 

0.4934 

0.7913 

0.2177 

0.2003 

0.1803 

0.1803 

0.1402 



0.1803 

0.1803 



0.3543 



0.7513 



0.2003 

0.1803 



0.1568 

0.1514 

0.1803 

0.1803 

0.1917 

0.4556 

0.6511 

1.4590 

0.3663 

0.1954 

0.1923 

0.1821 

0.459 

0.429 

0.528 

0.525 

1.334 

1.845 

4.272 

1.038 

0.572 

0.563 

0.516 

Average  annual   rate:      0.3635   cfs. 
Total  annual  yield:      12.609  area   inches 
Peak  flow:      3.3868   cfs,    1600  hrs.    12   May 


MILLER   CREEK   DISCHARGE,    CUBIC    FEET   PER    SECOND,    OCTOBER    1960    -    SEPTEMBER    1961. 


OCT 


NOV 


DEI 


JAN 


FEB 


MAR 


APR 


MAY 


JUNE 


JULY 


AUG 


SEPT 


0.1803  0.1503  0.1603  0.1941 

0.1803  0.1486  0.1603  0.1803 

0.1828  0.1579  0.1603  0.1803 

0.1803  0.1628  0.1720  0.1803 

0.1878  0.1603  0.1609  0.1803 


0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 


0.3)  30 
0.3331 
0.4752 
0.5284 
0.3806 


0.7045 
0.6997 
0.6588 
0.6489 
0.5572 


0.2755 
0.2686 
0.2464 
0.2429 
0.2489 


0.1703 
0.1628 
0.1678 
0.1807 
0.1803 


0.1503 
0.1503 
0.1503 
0.1503 
0.1503 


0.1703 
0.1703 
0.1703 
0.1703 
0.1703 


•i 

In 


0.1770  0.1786  0.1603  0.1803 

0.1628  0.2212  0.1603  0.1803 

0.1703  0.1503  0.1603  0.1803 

0.1678  0.1503  0.1603  0.1803 

0.1683  0.1503  0.1603  0.1803 


0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 


0.2930 
0.2705 
0.2492 
0.2316 
0.2204 


0.5193 
0.4783 
0.4746 
0.6027 
0.8373 


0.2208 
0.2047 
0.1953 
0.1922 
0.1849 


0.1653 
0.1578 
0.1503 
0.1503 
0.1503 


0.1544 
0.1578 
0.1503 
0.1503 
0.1503 


0.1703 
0.1678 
0.1603 
0.1807 
0.1803 


II 

12 

1  ! 
1/. 

15 

L6 

1/ 
L8 

['< 

2'. 

2  1 

.': 
23 

2, 

.'', 

26 
27 
28 

.••> 
to 
tl 


0.1528 
0.1578 
0.1532 
0.1678 
0.1603 

0.1603 
0.1603 
0.1603 
0.1603 
0.1603 

0.1628 
0.1678 
0.1603 
0.1578 
0.1428 

0.1428 
0.1503 
0.1576 
0.1528 
0.1402 
0.1498 


0.1503 
0.1503 
0.1704 
0.1604 
0.1824 

0.1703 
0.1703 
0.1703 
0.1703 
0.1678 

0.1603 
0.1603 
0.1603 
0.1603 
0.1678 

0.1703 
0.1703 
0.1686 
0.1528 
0.1603 


0.1678 
0.1778 
0.1828 
0.1978 
0.2003 

0.2028 
0.2033 
0.1803 
0.1728 
0.1728 

0.1803 
0.1878 
0.1978 
0.2003 
0.2003 

0.1953 
0.1803 
0.2003 
0.2354 
0.2655 
0.2805 


Average  rate  cfs      0.1626   0.1641   0.1872 
Total  yield',  inches   0.476    0.465    0.548 

Average  annual  rate:   0.2271  cfs 

Total  annual  yield:    7.866  area  inches 

Peak  flow:   1.0500  cfs.  1700  hrs.  19  May 


0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1803 
0.1803 
0.1803 
0.1803 
0.1803 
0.1803 

0.1807 
0.529 


0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1803 

0.1803  0.1878 

0.1803  0.1978 

0.1803  0.2078 

0.1803  0.2179 

0.1803  0.2204 

0.1803  0.2316 

0.1803  0.2467 

0.1803  0.2504 

0.1803  0.2579 

0.1803  0.2679 

0.1803  0.2705 

0.1803  0.2780 


0.1803 
0.1803 
0.1803 


0.2880 
0.2905 
0.3055 
0.3206 
0.3206 
0.3206 


O.IK. M   0.2264 
0.477    0.663 


0.2233 
0.2279 
0.2216 
0.2028 
0.2003 

0.2227 
0.2872 
0.4320 
0.4755 
0.4085 

0.4101 
0.4113 
0.3281 
0.2742 
0.2354 

0.2170 
0.2507 
0.3803 
0.5325 
0.5835 


0.3272 
0.927 


0.9643 
0.7983 
0.6724 
0.5910 
0.5898 

0.6148 
0.6398 
0.7617 
0.9055 
0.9458 

0.8427 
0.4323 
0.7333 
0.6674 
0.5760 

0.4971 
0.4407 
0.3844 
0.3212 
0.2805 
0.2705 

H.  6 
1.835 


0.1828 
0.1803 
0.1803 
0.1728 
0.1703 

0.1778 
0.1778 
0.1703 
0.1703 
0.1703 

0.1703 
0.1703 
0.1703 
0.1703 
0.1703 

0.1703 
0.1703 
0.1703 
0.1703 
0.1703 


0.1Kr>l 
0.542 


0.1503 
0.1503 
0.1503 
0.1503 
0.1503 

0.1478 
0.1402 
0.1402 
0.1402 
0.1402 

0.1402 
0.1402 
0.1402 
0.1402 
0.1402 

0.1402 
0.1402 
0.1478 
0.1503 
0.1503 
0.1503 

0.1510 
0.442 


0.1503 
0.1578 
0.1603 
0.1603 
0.1603 

0.1619 
0.1578 
0.1578 
0.1603 
0.1603 

0.1603 
0.1603 
0.1630 
0.1628 
0.1496 

0.1728 
0.1628 
0.1603 
0.1628 
0.1703 
0.1703 

0.1578 
0.462 


0.1803 
0.1728 
0.1703 
0.1703 
0.1703 

0.1778 
0.2041 
0.3527 
0.1857 
0.1603 

0.1603 
0.1603 
0.1603 
0.1528 
0.1503 

0.1503 
0.1699 
0.1803 
0.1778 
0.1778 


0.1765 
0.500 
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MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1961  -  SEPTEMBER  1962. 


1 

0.1803 

0.1703 

0.1903 

0.2003 

0.1778 

0.2003 

0.2298 

1.2177 

2.4070 

1.0268 

0.4417 

0.2054 

2 

0.1903 

0.1703 

0.1903 

0.2003 

0.1803 

0.2003 

0.2457 

1.3247 

2.3525 

1.0038 

0.4301 

0.2049 

3 

0.1703 

0.1703 

0.1903 

0.2003 

0.1803 

0.2003 

0.2712 

1.6892 

2.2966 

0.9834 

0.4060 

0.1970 

4 

0.1703 

0.1703 

0.1903 

0.2003 

0.1803 

0.2003 

0.4182 

2.6267 

2.1077 

0.9633 

0.3722 

0.1960 

5 

0.1728 

0.1703 

0.1903 

0.2003 

0.1803 

0.2003 

0.3542 

3.6087 

1.9542 

0.9433 

0.3641 

0.1972 

6 

0.1803 

0.1703 

0.1903 

0.1949 

0.1803 

0.2003 

0.3199 

4.1307 

1.8237 

0.9233 

0.3538 

0.1991 

7 

0.1803 

0.1703 

0.1903 

0.1895 

0.1803 

0.2003 

0.2412 

4.3348 

1.6893 

0.9032 

0.3299 

0.2024 

8 

0.1803 

0.1703 

0.1903 

0.1803 

0.1803 

0.2003 

0.2003 

4.2707 

1.5064 

0.8832 

0.3187 

0.2054 

9 

0.1803 

0.1703 

0.1903 

0.1728 

0.1803 

0.2028 

0.2003 

4.2984 

1.5153 

0.8677 

0.3187 

0.2128 

10 

0.1895 

0.1703 

0.1903 

0.1703 

0.1803 

0.2104 

0.2003 

4.1209 

1.5649 

0.8257 

0.3331 

0.2179 

11 

0.1903 

0.1703 

0.1903 

0.1703 

0.1813 

0.2104 

0.2003 

3.9921 

1.5463 

0.8239 

0.3243 

0.2279 

12 

0.1826 

0.1703 

0.1903 

0.1703 

0.2734 

0.2104 

0.2081 

3.6897 

1.4415 

0.7939 

0.3093 

0.2204 

13 

0.1699 

0.1703 

0.1903 

0.1703 

0.1803 

0.2104 

0.5737 

3.0746 

1.2847 

0.7730 

0.2968 

0.2204 

14 

0.1603 

0.1703 

0.1903 

0.1703 

0.1803 

0.2104 

0.9126 

2.6135 

1.3953 

0.7529 

0.2897 

0.2204 

15 

0.1503 

0.1703 

0.1903 

0.1703 

0.1828 

0.2104 

1.2528 

2.2360 

1.3784 

0.7329 

0.2830 

0.2204 

16 

0.1503 

0.1795 

0.1995 

0.1703 

0.1903 

0.2104 

1.4984 

1.9986 

1.3660 

0.7129 

0.2767 

0.2204 

17 

0.1503 

0.1803 

0.2003 

0.1703 

0.1903 

0.2104 

1.7368 

1.8360 

1.3413 

0.7112 

0.2792 

0.2204 

18 

0.1503 

0.1803 

0.2003 

0.1703 

0.1903 

0.2128 

1.6172 

1.7719 

1.3167 

0.6975 

0.2820 

0.2204 

19 

0.1503 

0.1803 

0.2003 

0.1703 

0.1928 

0.2204 

1.4640 

2.1054 

1.2923 

0.6962 

0.2717 

0.2204 

20 

0.1503 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

1.3176 

2.3580 

1.2680 

0.6824 

0.2646 

0.2204 

21 

0.1594 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

1.1833 

1.9255 

1.2533 

0.6755 

0.2565 

0.2204 

22 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

1.0505 

1.7588 

1.2338 

0.6702 

0.2502 

0.2204 

23 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

1.0512 

1.6825 

1.2092 

0.6890 

0.2457 

0.2204 

24 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

1.3514 

1.7038 

1.1841 

0.6298 

0.2400 

0.2204 

25 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

1.7573 

1.7336 

1.1637 

0.6092 

0.2292 

0.2204 

26 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

2.9766 

1.7217 

1.1436 

0.5761 

0.2205 

0.2204 

27 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

2.4397 

1.7591 

1.1190 

0.5525 

0.2137 

0.2204 

28 

0.1603 

0.1803 

0.2003 

0.1703 

0.2003 

0.2204 

2.1355 

1.8322 

1.0940 

0.5210 

0.2141 

0.2204 

29 

0.1603 

0.1803 

0.2003 

0.1703 



0.2204 

1.7230 

2.0826 

1.0735 

0.5034 

0.2173 

0.2204 

30 

0.1603 

0.1803 

0.2003 

0.1703 



0.2204 

1.3629 

2.2609 

1.0535 

0.4749 

0.2173 

0.2204 

31 

0.1603 



0.2003 

0.1703 



0.2204 



2.1810 



0.4619 

0.2154 



Average  rate,  cfs 

0.1663 

0.1754 

0.1954 

0.1769 

0.1917 

0.2118 

1.0164 

2.5133 

1.4791 

0.7449 

0.2924 

0.2149 

Total  yield,  inches 

0.487 

0.497 

0.572 

0.518 

0.507 

0.620 

2.880 

7.359 

4.191 

2.181 

0.856 

0.609 

Average  annual  rate:   0.6149  cfs. 
Total  annual  yield:   21.28  area  inches 
Peak  flow:   4.5698  cfs,  1500  hrs.  7  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1962-SEPTEMBER  1963. 


1 

0.1102 

0.1102 

0.1603 

0.1603 

0.1603 

0.1803 

0.1903 

1.5336 

1.2626 

0.3581 

0.2242 

0.2128 

2 

0.2204 

0.2204 

0.1603 

0.1603 

0.1603 

0.1803 

0.2003 

2.0241 

1.0818 

0.3418 

0.2204 

0.2104 

3 

0.2204 

0.2204 

0.1603 

0.1603 

0.1603 

0.1803 

0.2003 

1.9966 

1.1482 

0.3268 

0.2204 

0.2104 

4 

0.2204 

0.2204 

0.1603 

0.1603 

0.1603 

0.1803 

0.2003 

1.9693 

1.0976 

0.3082 

0.2204 

0.2104 

5 

0.2204 

0.2179 

0.1603 

0.1603 

0.1603 

0.1803 

0.2003 

1.9420 

1.0579 

0.2966 

0.2204 

0.2104 

6 

0.2204 

0.2078 

0.1603 

0.1603 

0.1603 

0.1803 

0.2154 

1.9149 

1.0442 

0.2932 

0.2204 

0.2104 

7 

0.2204 

0.2003 

0.1603 

0.1603 

0.1603 

0.1803 

0.2429 

1.9081 

0.9739 

0.2846 

0.2204 

0.2104 

8 

0.2204 

0.1978 

0.1603 

0.1603 

0.1603 

0.1803 

0.2655 

1.9863 

0.9320 

0.2817 

0.2204 

0.2104 

9 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.3080 

2.2844 

0.9514 

0.2755 

0.2204 

0.2104 

10 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.3431 

2.0397 

1.4033 

0.3861 

0.2204 

0.2104 

11 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.3731 

1.7622 

1.1634 

0.2696 

0.2204 

0.2104 

12 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.4032 

1.3801 

1.0858 

0.2698 

0.2204 

0.2104 

13 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.4333 

1.2435 

1.0550 

0.2632 

0.2204 

0.2104 

14 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.4633 

1.3785 

1.0375 

0.2579 

0.2204 

0.2104 

15 

0.2204 

0.1903 

0.1603 

0.1603 

0.1603 

0.1803 

0.4934 

1.7204 

0.9808 

0.2559 

0.2204 

0.2104 

16 

0.2204 

0.1803 

0.1603 

0.1603 

0.1603 

0.1803 

0.5459 

1.9703 

0.9316 

0.2510 

0.2204 

0.2104 

17 

0.2204 

0.1678 

0.1603 

0.1603 

0.1603 

0.1803 

0.6061 

2.1562 

0.8926 

0.2486 

0.2204 

0.2104 

18 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

0.6662 

2.2907 

0.8377 

0.2392 

0.2204 

0.2104 

19 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

0.7338 

2.4340 

0.7934 

0.2354 

0.2204 

0.2104 

20 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

0.8264 

2.5371 

0.7646 

0.2354 

0.2204 

0.2104 

21 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

0.9040 

2.2692 

0.7396 

0.2354 

0.2204 

0.2104 

22 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

0.9817 

2.5412 

0.7094 

0.2354 

0.2204 

0.2104 

23 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

1.0693 

2.4659 

0.6564 

0.2354 

0.2204 

0.2104 

24 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

1.1595 

2.1032 

0.6485 

0.2354 

0.2204 

0.2104 

25 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

1.2450 

1.8238 

0.5976 

0.2354 

0.2204 

0.2104 

26 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

1.3394 

1.6574 

0.5963 

0.2354 

0.2204 

0.2104 

27 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

1.4388 

1.5463 

0.5171 

0.2354 

0.2204 

0.2104 

28 

0.2204 

0.1603 

0.1603 

0.1603 

0.1603 

0.1803 

1.5400 

1.4292 

0.4533 

0.2354 

0.2204 

0.2104 

29 

0.2204 

0.1603 

0.1603 

0.1603 



0.1803 

1.6430 

1.3100 

0.4529 

0.2354 

0.2204 

0.2104 

30 

0.2204 

0.1603 

0.1603 

0.1603 



0.1803 

1.8224 

1.2007 

0.4220 

0.2354 

0.2204 

0.2104 

31 

0.2204 



0.1603 

0.1507 



0.1708 



1.1077 



0.1105 

0.2110 



Average  rate  cfs 

0.2169 

0.1786 

0.1603 

0.1602 

0.1603 

0.1803 

0.7016 

1.8682 

0.8763 

0.2589 

0.2206 

0.2103 

Total  yield,  inches 

0.635 

0.506 

0.469 

0.469 

0.424 

0.528 

l."88 

5.470 

2.483 

0.758 

0.646 

0.596 

Average  annual  rate:   0.4327  cfs. 
Total  annual  yield:   14.97  area  inches 
Peak  flow:   2.9155  cfs,  1300  hrs.  20  May 
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MILLER  CREEK  DISCHARCE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1963  -  SEPTEMBER  1964. 


1 

2 
'. 

4 
5 

' 

;-; 

9 

10 

11 
12 
13 

14 

1  ■ 

li, 
17 
18 

l'» 
20 

21 
22 
23 

24 

-", 

J  6 
27 

::-: 
:<i 
in 

u 

Average  rate,  cfs 
Total  yield,  Inches 


0.2028 

0.1002 

0.1803 

0.1803 

0.2003 

0.2855 

0.2905 

1,1010 

3.2846 

0.9717 

0.4317 

0.2725 

0.2003 

0.2003 

0.1803 

0.1903 

0.2003 

0.2905 

0.2905 

0.7225 

3.3169 

0.9316 

0.4232 

0.2761 

0.2003 

0.2003 

0.1803 

0.2003 

0.2104 

0.2905 

0.2905 

0.4818 

2.9894 

0.8915 

0.4101 

0.2705 

0.2003 

0.2024 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.3888 

2.6986 

0.8590 

0.3938 

0.2667 

0.2003 

0.2028 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.3572 

2.4749 

0.8064 

0.3788 

0.2663 

0.2003 

0.2014 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.3393 

2.2694 

0.7613 

0.3581 

0.2559 

0.2003 

0.2003 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.3447 

2.1545 

0.7212 

0.3556 

0.2529 

0.2003 

0.2003 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.3393 

2.0301 

0.6887 

0.3744 

0.2392 

0.2003 

0.2003 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.4768 

1.9563 

0.6586 

0.3625 

0.2354 

0.2003 

0.2003 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

0.7711 

2.0864 

0.6286 

0.3638 

0.2354 

0.2003 

0.2003 

0.1803 

0.2003 

0.22  04 

0.2905 

0.2905 

1.0334 

1.9701 

0.5985 

0.3553 

0.2385 

0.2028 

0.1978 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

1.2415 

1.8142 

0.5685 

0.3384 

0.2492 

0.1995 

0.1903 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

2.2646 

1.7770 

0.5610 

0.3434 

0.2509 

0.1803 

0.1903 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

2.6637 

1.8220 

0.5610 

0.3506 

0.2470 

0.1803 

0.1939 

0.1803 

0.2003 

0.2204 

0.2905 

0.3162 

2.9256 

1.7224 

0.5610 

0.3412 

0.2451 

0.1803 

0.1928 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

3.3248 

1.7169 

0.5584 

0.3412 

0.2368 

0.1803 

0.1828 

0.1803 

0.2003 

0.2204 

0.2905 

0.2942 

3.3379 

1.6353 

0.5547 

0.3356 

0.2507 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.3099 

3.5015 

1.5660 

0.5303 

0.3293 

0.2533 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.3206 

4.1627 

1.5282 

0.5128 

0.3183 

0.2423 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.3087 

4.8327 

1.4938 

0.4893 

0.3124 

0.2525 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.2905 

5.0040 

1.3713 

0.4683 

0.3212 

0.2732 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.3040 

4.7105 

1.3015 

0.4633 

0.3121 

0.2746 

0.1899 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.3055 

4.7974 

1.3729 

0.4674 

0.3093 

0.2688 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.2971 

4.5895 

1.2663 

0.4605 

0.2986 

0.2700 

0.1803 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.2927 

4.8373 

1.2390 

0.4511 

0.3024 

0.2446 

0.1991 

0.1803 

0.1803 

0.2003 

0.2204 

0.2905 

0.3018 

5.0532 

1.2213 

0.4552 

0.3231 

0.2492 

0.2003 

0.1803 

0.1803 

0.2003 

0.2354 

0.2905 

0.2851 

4.7224 

1.1520 

0.4420 

0.3215 

0.2504 

0.2003 

0.1803 

0.1803 

0.2003 

0.2605 

0.2905 

0.4896 

3.4793 

1.1044 

0.4345 

0.3040 

0.2486 

0.2003 

0.1803 

0.1803 

0.2003 

0.2705 

0.2905 

0.9741 

3.0495 

1.0618 

0.4307 

0.2913 

0.2577 

0.2016 

0.1803 

0.1803 

0.2003 



0.2905 

1.1858 

2.8473 

1.0142 

0.4467 

0.2949 

0.2609 

0.2003 



0.1803 

0.2003 



0.2905 



3.1035 



0.4617 

0.2827 



0.1930 

0.1927 

0.1803 

0.1995 

0.2519 

0.2903 

0.3543 

2.6062 

1.8136 

0.5932 

0.3412 

0.2545 

0.565 

0.546 

0.528 

0.584 

0.690 

0.850 

1.004 

7.631 

5.139 

1.737 

0.999 

0.721 

Average  annual  rate:   0.6059  cfs. 
Total  annual  yield:   20.99  area  inches 
Peak  flow:   5.2955  cfs,  1400  hrs.  26  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1964  -  SEPTEMBER  1965- 


1 

0.2421 

0.2905 

0.3662 

0.2705 

0.2542 

0.2204 

0.1903 

2.3292 

2.3601 

1.0731 

0.4708 

0.2242 

2 

0.2398 

0.2905 

0.3124 

0.2705 

0.2504 

0.2204 

0.1903 

2.4053 

2.2951 

1.0486 

0.4595 

0.2204 

3 

0.2173 

0.2905 

0.3013 

0.2705 

0.2396 

0.2204 

0.1903 

2.1303 

2.1488 

1.0101 

0.4558 

0.2204 

4 

0.2141 

0.2905 

0.2905 

0.2692 

0.2354 

0.2204 

0.1903 

2.0725 

2.1377 

0.9742 

0.4445 

0.2204 

r, 

0.2204 

0.2905 

0.2905 

0.2605 

0.2354 

0.2204 

0.1903 

1.8306 

2.0851 

0.9541 

0.4407 

0.2204 

i, 

0.2297 

0.2905 

0.2997 

0.2605 

0.2354 

0.2204 

0.1903 

1.5533 

2.0312 

0.9322 

0.4370 

0.2204 

7 

0.2366 

0.2830 

0.4437 

0.2525 

0.2354 

0.2204 

0.1903 

1.3051 

1.9915 

0.9124 

0.4257 

0.2204 

H 

0.2431 

0.2805 

0.3700 

0.2571 

0.2354 

0.2128 

0.1903 

1.1292 

1.8984 

0.8269 

0.4220 

0.2204 

'' 

0.2440 

0.2805 

0.3055 

0.2605 

0.2354 

0.2104 

0.1903 

0.9717 

1.9814 

0.7098 

0.4107 

0.2204 

in 

0.2954 

0.2805 

0.2900 

0.2605 

0.2354 

0.2104 

0.1903 

0.9760 

1.9822 

0.6234 

0.4070 

0.2204 

1  1 

0.3317 

0.2805 

0.2805 

0.2544 

0.2354 

0.2104 

0.1903 

1.1019 

1.9233 

0.6211 

0.3957 

0.2204 

1.' 

0.3212 

0.2805 

0.2834 

0.2504 

0.2354 

0.2104 

0.1828 

1.3448 

1.9123 

0.6098 

0.3919 

0.2204 

13 

0.3206 

0.2805 

0.2905 

0.2504 

0.2354 

0.2104 

0.1728 

1.4389 

1.7483 

0.6023 

0.3806 

0.2204 

14 

0.3008 

0.2730 

0.2905 

0.2504 

0.2354 

0.2104 

0.1703 

1.8519 

1.6842 

0.5910 

0.3809 

0.2204 

L5 

0.2905 

0.2705 

0.2851 

0.2318 

0.2354 

0.2104 

0.1879 

2.2760 

1.6148 

0.5910 

0.3694 

0.2204 

16 

0.2905 

0.2705 

0.2705 

0.2508 

0.2354 

0.2028 

0.2190 

2.8868 

1.5628 

0.5798 

0.3656 

0.2204 

17 

0.2905 

0.2705 

0.2751 

0.2204 

0.2354 

0.2003 

0.2544 

3.3609 

1.5145 

0.5760 

0.3543 

0.2204 

IH 

0.2905 

0.2705 

0.2805 

0.2204 

0.2354 

0.2003 

0.2818 

3.3751 

1.4387 

0.5647 

0.3469 

0.2204 

I'l 

0.2905 

0.2705 

0.2755 

0.2204 

0.2354 

0.2003 

0.6919 

3.4751 

1.4017 

0.5610 

0.3318 

0.2204 

20 

0.2905 

0.2629 

0.2805 

0.2204 

0.2354 

0.2003 

1.1121 

3.6708 

1.3516 

0.5572 

0.3180 

0.2204 

2  1 

0.2905 

0.2550 

0.2721 

0.3531 

0.2354 

0.2003 

1.3832 

3.6529 

1.3153 

0.5459 

0.4689 

0.2204 

2  2 

0.2905 

0.2467 

0.3471 

0.4858 

0.2354 

0.2003 

1.5354 

3.4967 

1.2776 

0.5422 

0.3489 

0.2204 

•M 

0.2905 

0.2504 

0.8350 

0.4858 

0.2354 

0.2003 

1.6720 

3.2285 

1.2232 

0.5309 

0.3030 

0.2204 

24 

0.2905 

0.2486 

0.8219 

0.3254 

0.2354 

0.2003 

1.3633 

2.7518 

1.0269 

0.5309 

0.2820 

0.2204 

25 

0.2905 

0.2890 

0.4591 

0.2300 

0.2354 

0.2003 

1.3656 

2.4569 

1.2846 

0.5197 

0.2490 

0.2104 

'<. 

0.2905 

0.2864 

0.3749 

0.2204 

0.2242 

0.1928 

1.2932 

2.2108 

1.3547 

0.5159 

0.2457 

0.2058 

27 

0.2905 

0.2880 

0.3011 

0.2223 

0.2204 

0.1903 

1.2602 

2.1017 

1.2630 

0.5046 

0.2373 

0.2003 

.'H 

0.2905 

0.2779 

0.2759 

0.2344 

0.2204 

0.1903 

1.3034 

2.1865 

1.1805 

0.5009 

0.2304 

0.2058 

:•> 

0.2905 

0.2679 

0.2705 

0.2254 



0.1903 

1.5572 

2.4036 

1.1300 

0.4896 

0.2304 

0.2085 

in 

0.2905 

0.2657 

0.2705 

0.3360 



0.1903 

2.1010 

2.5865 

1.0991 

0.4858 

0.2304 

0.2008 

u 

0.2905 



0.2705 

0.2907 



0.1903 



2.5825 



0.4746 

0.2329 



Average  rate,  cfs 

0.2770 

0.2756 

0.3412 

0.2712 

0.2352 

0.2056 

0.6734 

2.2948 

1.6404 

0.6633 

0.3569 

0.2174 

Total  yield,  inches 

0.811 

0.781 

0.999 

0.794 

0.622 

0.602 

1.908 

6.719 

4.648 

1.942 

1.045 

0.616 

Average  annual  rate:   0.6210  cfs 
Total  annual  yield:   22.51  area  inches 
Peak  flow:   3.8128  cfs,  0800  hrs.  20  May 
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MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1965  -  SEPTEMBER  1966. 


DAY 

1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.2003 

0.1603 

0.2003 

0.1803 

0.1903 

0.1903 

0.4345 

0.6421 

0.7839 

0.3782 

0.2104 

0.2127 

0.2003 

0.1603 

0.2003 

0.1803 

0.1903 

0.1903 

0.4614 

0.7815 

0.7496 

0.3515 

0.2104 

0.2028 

0.2003 

0.1603 

0.2003 

0.1803 

0.1903 

0.1903 

0.3879 

2.1105 

0.7279 

0.3531 

0.2028 

0.2003 

0.2003 

0.1603 

0.1903 

0.1803 

0.1903 

0.1903 

0.3362 

1.1541 

0.7151 

0.3337 

0.2003 

0.1964 

0.2003 

0.1603 

0.1803 

0.1803 

0.1903 

0.1903 

0.3137 

1.2328 

0.6924 

0.3083 

0.2003 

0.1903 

0.2003 

0.1603 

0.1728 

0.1803 

0.1903 

0.1903 

0.3108 

1.4812 

0.6746 

0.2980 

0.2003 

0.1903 

0.1928 

0.1603 

0.1703 

0.1828 

0.1903 

0.1903 

0.3509 

1.5853 

0.6527 

0.2806 

0.1968 

0.1903 

0.1903 

0.1603 

0.1778 

0.1903 

0.1903 

0.1878 

0.4342 

1.6240 

0.6386 

0.2653 

0.1949 

0.1903 

0.1903 

0.1603 

0.1803 

0.1991 

0.1903 

0.1803 

0.5366 

1.9817 

0.6258 

0.2613 

0.1974 

0.1903 

0.1903 

0.1603 

0.1803 

0.1978 

0.1903 

0.1730 

0.5619 

3.8148 

0.6048 

0.2541 

0.1974 

0.1903 

0.1903 

0.1678 

0.1803 

0.1903 

0.1903 

0.1402 

0.4768 

3.3527 

0.5735 

0.2442 

0.1978 

0.1930 

0.1903 

0.1722 

0.1803 

0.1903 

0.1903 

0.1327 

0.4107 

2.5883 

0.5622 

0.2354 

0.1974 

0.1903 

0.1903 

0.1728 

0.1803 

0.1903 

0.1903 

0.1465 

0.3697 

2.1457 

0.5400 

0.2279 

0.1978 

0.1903 

0.1878 

0.1795 

0.1803 

0.1903 

0.1903 

0.1745 

0.3594 

1.9349 

0.5199 

0.2243 

0.1974 

0.2204 

0.1978 

0.3965 

0.1803 

0.1903 

0.1903 

0.2513 

0.3882 

1.7681 

0.5234 

0.2125 

0.1964 

0.1903 

0.1903 

0.2202 

0.1803 

0.1903 

0.1903 

0.2705 

0.4780 

1.6929 

0.5128 

0.2177 

0.2039 

0.1903 

0.1828 

0.4550 

0.1803 

0.1903 

0.1903 

0.2554 

0.5403 

1.6337 

0.4868 

0.2201 

0.2103 

0.1828 

0.1803 

0.2991 

0.1803 

0.1903 

0.1903 

0.2504 

0.5666 

1.5373 

0.4924 

0.2235 

0.2143 

0.1803 

0.1803 

0.2755 

0.1803 

0.1903 

0.1903 

0.2495 

0.4990 

1.4356 

0.4699 

0.2249 

0.1987 

0.1803 

0.1728 

0.2424 

0.1803 

0.1903 

0.1903 

0.2242 

0.4470 

1.3795 

0.4505 

0.2250 

0.1982 

0.1803 

0.1728 

0.2128 

0.1803 

0.1903 

0.1903 

0.2204 

0.4248 

1.3409 

0.4564 

0.2298 

0.1978 

0.1803 

0.1803 

0.2104 

0.1803 

0.1903 

0.1903 

0.2204 

0.3835 

1.2957 

0.4539 

0.2243 

0.1962 

0.1803 

0.1728 

0.2133 

0.1803 

0.1903 

0.1903 

0.2204 

0.3581 

1.1979 

0.4261 

0.2187 

0.1903 

0.1803 

0.1703 

0.2083 

0.1803 

0.1903 

0.1903 

0.2204 

0.3819 

1.1032 

0.4264 

0.2382 

0.2016 

0.1824 

0.1703 

0.1997 

0.1803 

0.1903 

0.1903 

0.2042 

0.4498 

1.0498 

0.4176 

0.2313 

0.2008 

0.1803 

0.1703 

0.1903 

0.1803 

0.1903 

0.1903 

0.2411 

0.5478 

1.0102 

0.3901 

0.2301 

0.2047 

0.1803 

0.1703 

0.1903 

0.1803 

0.1903 

0.1903 

0.2744 

0.5475 

0.9637 

0.3615 

0.2257 

0.2075 

0.1803 

0.1803 

0.1928 

0.1803 

0.1903 

0.1903 

0.2942 

0.5428 

0.9090 

0.3669 

0.2183 

0.2075 

0.1803 

0.1628 

0.2003 

0.1803 

0.1903 

0.3168 

0.5481 

0.8787 

0.3609 

0.2156 

0.2062 

0.1803 

0.1603 

0.2003 

0.1803 

0.1903 



0.3456 

0.5732 

0.8530 

0.3739 

0.2104 

0.2033 

0.1803 

0.1603 



0.1803 

0.1903 



0.3738 

0.8162 



0.2104 

0.2078 



0.1834 

0.2068 

0.1820 

0.1906 

0.1902 

0.2223 

0.4471 

1.5253 

0.5343 

0.2514 

0.2015 

0.1885 

0.537 

0.586 

0.533 

0.558 

0.503 

0.651 

1.267 

4.466 

1.514 

0.736 

0.590 

0.534 

Average  annual  rate:   0.3603  cfs. 
Total  annual  yield:   12.48  area  Inches 
Peak  flow:   A. 9283  cfs.,  1100  hrs.  10  May 


MILLER  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1966  -  SEPTEMBER  1967. 


1 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.1903 

0.2429 

0.2880 

1.8667 

1.1088 

0.3400 

0.2581 

2 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.1928 

0.2204 

0.2838 

2.1920 

1.0138 

0.3343 

0.2638 

3 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2003 

0.2354 

0.2928 

1.9231 

0.8986 

0.3274 

0.2636 

4 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2003 

0.2663 

0.3371 

2.0612 

0.9116 

0.3171 

0.2629 

5 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2003 

0.2785 

0.4674 

1.9960 

0.9237 

0.3111 

0.2682 

6 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2003 

0.2734 

0.7109 

1.8053 

0.9216 

0.3087 

0.2655 

7 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2003 

0.3015 

0.9908 

1.9099 

0.9216 

0.2999 

0.2559 

8 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2003 

0.3061 

1.1981 

1.7165 

0.8661 

0.2992 

0.2761 

9 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2099 

0.2817 

1.5987 

1.6599 

0.7734 

0.2971 

0.2671 

10 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2242 

0.2769 

1.4207 

1.5966 

0.7038 

0.2927 

0.2559 

11 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2392 

0.2832 

0.9249 

1.5511 

0.6549 

0.2905 

0.2605 

12 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2504 

0.2872 

0.6511 

1.8214 

0.6417 

0.2888 

0.2605 

13 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2504 

0.3028 

0.5569 

1.8156 

0.6355 

0.2863 

0.2605 

14 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2504 

0.3118 

0.5212 

1.8652 

0.6389 

0.2851 

0.2605 

15 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2504 

o.3481 

0.6458 

1.8931 

0.6467 

0.2846 

0.]550 

16 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2721 

0.3356 

1.1044 

1.8704 

0.7152 

0.2772 

0.2504 

17 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3231 

0.3403 

1.4759 

1.7165 

0.6380 

0.2776 

0.2504 

18 

0.1803 

0.1678 

0.1803 

0.1803 

0.1803 

0.3381 

0.3850 

2.0367 

1.5799 

0.6195 

0.2761 

0.2504 

19 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3111 

0.3994 

2.3154 

1.5928 

0.6001 

0.2748 

0.2504 

20 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2905 

0.3619 

2.3025 

1.5583 

0.5691 

0.2705 

0.2464 

21 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3037 

0.3321 

2.5337 

1.5470 

0.5441 

0.2705 

0.2445 

22 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3299 

0.3093 

3.0783 

1.5197 

0.5168 

0.2705 

0.2559 

23 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3437 

0.2942 

3.5115 

1.5320 

0.4968 

0.2688 

0.2504 

24 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3356 

0.2830 

3.6682 

1.4754 

0.4445 

0.2677 

0.2504 

25 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3259 

0.2842 

3.3930 

1.3898 

0.4311 

0.2677 

0.2504 

26 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3206 

0.3096 

3.0717 

1.3486 

0.4142 

0.2674 

0.2401 

27 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.3256 

0.3312 

3.1201 

1.2719 

0.3988 

0.2684 

0.2354 

28 

0.1803 

0.1803 

0.1803 

0.1803 

0.1803 

0.2880 

0.3318 

2.9031 

1.2697 

0.3785 

0.2682 

0.2354 

29 

0.1803 

0.1803 

0.1803 

0.1803 



0.2855 

0.3206 

2.6703 

1.2250 

0.3597 

0.2721 

0.2354 

30 

0.1803 

0.1803 

0.1803 

0.1803 



0.2605 

0.3055 

2.8603 

1.1768 

0.3806 

0.2661 

0.2662 

31 

0.1803 



0.1803 

0.1803 



0.2504 



2.5853 



0.3664 

0.2663 



Average   rate,    cfs 

0.1803 

0.1800 

0.1803 

0.1803 

0.1803 

0.2633 

0.3406 

1.7264 

1.6541 

0.6493 

0.2869 

0.2548 

Total   yield,    inches 

0.528 

0.510 

0.528 

0.528 

0.477 

0.771 

0.863 

5.055 

4.687 

1.901 

0.840 

0.722 

Average  annual  rate:   0.5034  cfs. 
Total  annual  yield:   17.38  area  inches 
Peak  flow:   4.1514  cfs,  1600  hrs.,  23  May 
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MILLER   CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1967-SEPTEMBER    19o8. 


DAY 


1 

0.2807 

0.2329 

0.2204 

0.2204 

0.2204 

0.3806 

0.7529 

1.0091 

2.5877 

1.0792 

0.3819 

0.2744 

2 

0.2717 

0.2345 

0.2204 

0.2204 

0.2204 

0.3806 

0.5059 

1.3995 

3.2  308 

1.0391 

0.3766 

0.2717 

3 

0.2605 

0.2295 

0.2204 

0.2204 

0.2204 

0.3806 

0.3653 

1.5942 

3.4704 

0.9922 

0.4295 

0.2717 

4 

0.2605 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.2836 

1.7056 

3.4556 

0.9691 

0.3813 

0.2696 

5 

0.3145 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0 . 2  700 

2.0820 

3.2491 

0.9362 

0.3619 

0.2659 

6 

0.2674 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.2076 

1.706  7 

3.0019 

0.8917 

0.3384 

0.26  34 

7 

0.2525 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.2141 

1.1710 

2.7721 

0.8211 

0.324  3 

0.2584 

a 

0.2504 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.2041 

1.1603 

2.5915 

0.7738 

0.3190 

0.2586 

9 

0.2504 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.2041 

1.4280 

2.5374 

0.7534 

0.3562 

0.2605 

10 

0.2504 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.2796 

1.7836 

2.4640 

0.7112 

0.3309 

0.2559 

11 

0.2504 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.4007 

1.9573 

2.3828 

0.6330 

0.3043 

0.2527 

12 

0.2492 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.5748 

1.9941 

2.3311 

0.6079 

0.2994 

0.2504 

1  i 

0.2354 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

0.5450 

1.9284 

2.22  79 

0.6483 

0.2909 

0.2515 

H 

0.2354 

0.2210 

0.2204 

0.2204 

0.2204 

0.3806 

0.4226 

1.6396 

2.0708 

0.5525 

0.4482 

0.2642 

15 

0.2354 

0.2204 

0.2204 

0.2204 

0.2204 

0.3806 

0.4783 

1 . 3049 

1.9745 

0.5343 

0.3963 

0.2605 

16 

0.2354 

0.2204 

0.2204 

0.2204 

0.2204 

0.3806 

0.4965 

1.0516 

1.8727 

0.5134 

0.3324 

0.2605 

17 

0.2354 

0.2204 

0.2204 

0.2204 

0.2204 

0.3806 

0.3994 

1.009  3 

1.7852 

0.5034 

0.6695 

0.2605 

L8 

0.2354 

0.2204 

0.2204 

0.2204 

0.2204 

0.3888 

0.3199 

1.1800 

1.7322 

0.4821 

0.4066 

0.2552 

19 

0.2354 

0.2204 

0.2204 

0.2204 

0.2229 

0.4076 

0.2824 

1.8444 

1.6548 

0.4724 

0.4123 

0.2504 

JU 

0.2354 

0.2204 

0.2204 

0.2204 

0.3176 

0.4188 

0.2596 

2.5792 

1.5602 

0.4617 

0.3074 

0.2  706 

21 

0.2354 

0.2204 

0.2204 

0.2204 

0.3775 

0.4338 

0.2354 

3.4086 

1.4850 

0.4558 

0.3027 

0.2466 

22 

0.2354 

0.2108 

0.2204 

0.2204 

0.3806 

0.4489 

0.2191 

3.2178 

1.4263 

0.4464 

0.5227 

0.2504 

23 

0.2354 

0.2104 

0.2204 

0.2204 

0.3806 

0.4733 

0.2145 

2.6403 

1.3935 

0.4476 

0.4216 

0.2538 

-'4 

0.2354 

0.2104 

0.2204 

0.2204 

0.3806 

0.5347 

0.2104 

2.3170 

1.3343 

0.4407 

0.3359 

0.2544 

0.2311 

0.2104 

0.2204 

0.2204 

0.3806 

0.6180 

0.2104 

2.1459 

1.2526 

0.4389 

0.3006 

0.2504 

26 

0.2354 

0.2008 

0.2204 

0.2204 

0.3806 

0.7077 

0.2104 

2.2061 

1.1983 

0.4376 

0.2803 

0.2295 

27 

0.2354 

0.2003 

0.2204 

0.2204 

0.3806 

0.8531 

0.2104 

2.5541 

1.1820 

0.4364 

0.2929 

0.2504 

28 

0.2392 

0.2112 

0.2204 

0.2204 

0.3806 

1.0476 

0.3095 

3.0922 

1.2037 

0.4195 

0.2774 

0.2504 

29 

0.2354 

0.2204 

0.2204 

0.2204 

0.3806 

1.3050 

0.4595 

3.7407 

1.1817 

0.4132 

0.2788 

0.2504 

10 

0.2354 

0.2204 

0.2204 

0.2204 



1.4745 

0.7064 

3.7812 

1.1261 

0.4038 

0.2792 

0.2504 

31 

0.2354 



0.2204 

0.2204 



1.1657 



3.3347 



0.3919 

0.2782 



Average 

rate,    cfs 

0.2462 

0.2237 

0.2203 

0.2203 

0.2734 

0.5403 

0.3490 

2.0632 

2.0575 

0.6155 

0.3559 

0.2576 

Total   y 

ield,    inches 

0.721 

0.634 

0.645 

0.645 

0.749 

1.582 

0.989 

6.041 

5.830 

1.804 

1.042 

0.730 

Average   annual    rate:      0.6186    cfs. 
T^tal   annual  yield:      21.41    area   inches 
Peak    flow:      L   n'^9    cfs.    1300   hrs.    29  May 
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Hellhole 

Hellhole  watershed  is  one  of  four  small  (96  acres), 
northeast-facing  drainages  in  the  Farmington  Canyon 
network  (fig.  10).  A  12-inch  flume  was  installed  at  the 
6,800-foot  elevation  and  streamflow  records  were  taken 
for  16  years  from  1937  through  1959. 

The  geology,  topography,  and  vegetation  is  quite 
similar  to  the  larger  Miller  Creek  watershed  immediately 
to  the  west.  There  are  prominent  rock  outcrops  on 
Hellhole  near  the  lower  reaches  of  this  very  steep 
(41  percent)  stream  channel.  The  midslopes  between 
7,000  and  7,800  feet  are  the  steepest  and  are  the  most 
densely  forested.  Conifers  and  aspen  appear  throughout 
the  drainage,  but  brushlands  predominate  in  the  upper 
one-third  of  this  catchment. 


GAGING  STATION 


8000 


8200 


8400 


°to 


1 


HELLHOLE  CREEK 


Figure  10.— Topographic  map  of 
Hellhole  Creek  watershed. 
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HELLHOLE    CREEK    DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER    1936-SEPTEMBER    1937. 


1 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4273 

2.5  764 

0.2701 

0.0700 

0.0700 

2 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.5107 

2 . 3000 

0.2201 

0.0700 

0.0700 

1 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6840 

2.1337 

0.2001 

0.0700 

0.0700 

4 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.8671 

1.9932 

0.2001 

0.0700 

0.0700 

5 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.0781 

1.8831 

0.1531 

0.0700 

0.0700 

6 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.3772 

1.84  7  7 

0.2118 

0.0700 

0.0700 

7 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.6401 

1.4920 

0.1701 

0.0700 

0.0700 

8 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.8596 

1.2707 

0.1401 

0.0700 

0.0700 

9 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.9542 

1.2644 

0.1401 

0.0700 

0.0700 

in 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.9311 

1.1806 

0.1201 

0.0700 

0.0700 

11 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

2.0303 

1. 1606 

0.1000 

0.0700 

0.0700 

12 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

2.0232 

1.1319 

0.0882 

0.0700 

0.0700 

1  i 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

2.0638 

1.0  706 

0.0700 

0.0700 

0.0540 

14 

0.0500 

0.0500 

0.0500 

0.0500 

0.1695 

2.6098 

0.9753 

0.0700 

0.0700 

0.0500 

15 

0.0500 

0.0500 

0.0500 

0.0500 

0.3623 

3.3056 

0.8634 

0.0700 

0.0700 

0.0500 

16 

0.0500 

0.0500 

0.0500 

0.0500 

0.3560 

3.1273 

0.7729 

0.0700 

0.0700 

0.0500 

17 

0 

0219 

0.0500 

0.0500 

0.0500 

0.0500 

0 . 3004 

3.1834 

0.7004 

0.0700 

0.0700 

0.0500 

18 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.2435 

3.7358 

0.6203 

0.0  700 

0.0700 

0.0500 

19 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.2823 

4.0197 

0.5568 

0.0700 

0.0700 

0.0500 

2  0 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3402 

3.1767 

0.5190 

0.0700 

0.0700 

0.0500 

21 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3948 

3.1634 

0.4803 

0.0700 

0.0700 

0.0500 

22 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0655 

0.4361 

3.5094 

0.4673 

0.0700 

0.0700 

0.0500 

23 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4136 

3.6945 

0.4402 

0.0700 

0.0700 

0.0500 

24 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.3902 

3.7931 

0.4402 

0.0700 

0.0700 

0.0500 

25 

u 

0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4161 

3.5718 

0.4202 

0.0700 

0.0700 

0.0500 

2  6 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.5240 

3.5219 

0.4040 

0.0700 

0.0700 

0.0500 

27 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.64  74 

3.4811 

0.3502 

0.0700 

0.0700 

0.0500 

28 

0 

0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.5803 

3.5017 

0.3251 

0.0700 

0.0700 

0.0500 

29 

u 

0500 

0.0500 

0.0500 



0.0700 

0.4603 

3.4594 

0.3002 

0.0700 

0.0700 

0.0500 

10 

0 

0500 

0.0500 

0.0500 



0.0700 

0.4336 

3.3769 

0.2902 

0.0700 

0.0700 

0.0500 

11 

rate,    cfs 

0.0500 
0.0500 

0.0500 
0.0500 

0.0  700 
0.0563 

3.0125 
2.5707 

0.0700 
0.1079 

0.0  700 

Average 

0.0500 

0.2554 

1.0077 

0.0700 

0.0582 

Total   y 

ield,    inches 

0.384 

0.384 

0.347 

0.433 

1.89  7 

19.738 

7.488 

0.828 

0.5  38 

0.432 

Average   annual    rate: 
Total  annual   yield: 
Peak    flow: 


HELLHOLE   CREEK    DISCHARGE,    CUBIC    FEET  PER   SECOND,    OCTOBER    1937-SEPTEMBER    1938. 


1 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0  700 

0.8513 

1.1027 

0.2422 

0.0700 

0.0500 

2 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6634 

1.0206 

0.2201 

0.0700 

0.0500 

3 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.5313 

0.9734 

0.1795 

0.0700 

0.0500 

4 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4642 

0.8855 

0.1562 

0.0700 

0.0500 

5 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4240 

0.7938 

0.1201 

0.0700 

0.0500 

<■ 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.3919 

0.6  741 

0.1000 

0.0700 

0.0500 

7 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.3502 

0.6203 

0.1000 

0.0700 

0.0500 

8 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0  700 

0.3348 

0.5428 

0.1000 

0.0700 

0.0500 

'< 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.349  3 

0.5094 

0.1000 

0.0700 

0.0500 

10 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4111 

0.4794 

0.1000 

0.0700 

0.0500 

l  I 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4807 

0.4482 

0.1000 

0.0700 

0.0500 

12 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6039 

0.4402 

0.1000 

0.0700 

0.0500 

13 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.79  79 

0.4402 

0.1000 

0.0700 

0.0500 

14 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

1.0702 

0.4361 

0.1000 

0.0700 

0.0500 

L5 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0654 

0.0700 

1.2732 

0.4088 

0.1000 

0.0700 

0.0500 

It, 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.0700 

1.5160 

0.3948 

0.1000 

0.0700 

0.0500 

17 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.0821 

1.5208 

0.3589 

0.1000 

0.0700 

0.0500 

18 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.  13  74 

1.4816 

0.3402 

0.1000 

0.0700 

0.0500 

19 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.3823 

1.2536 

0.3075 

0.1000 

0.0700 

0.0500 

20 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4402 

1.0579 

0.2501 

0.1000 

0.0700 

0.0500 

.'1 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.4352 

0.9105 

0.2501 

0.1000 

0.0700 

0.0500 

22 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6118 

0.7771 

0.2501 

0.1000 

0.0544 

0.0500 

23 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6908 

0.8031 

0.2001 

0.0800 

0.0500 

0.0500 

... 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6495 

0.9138 

0.1401 

0.0700 

0.0500 

0.0500 

:'j 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6560 

1.0923 

0.1401 

0.0700 

0.0500 

0.0500 

.'-. 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.6220 

1.2945 

0.1217 

0.0700 

0.0500 

0.0500 

27 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.5503 

1.3999 

0.1000 

0.0700 

0.0500 

0.0500 

2  8 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0700 

0.5736 

1.4241 

0.1000 

0.0700 

0.0500 

0.0500 

29 

0.0500 

0.0500 

0.0500 

0.0500 



0.0700 

0.7271 

1.3099 

0.1209 

0.0700 

0.0500 

0.0500 

30 

0.0500 

0.0500 

0.0500 

0.0500 



0.0700 

0.9455 

1.3269 

0.2554 

0.0700 

0.0500 

0.0500 

31 

0.0500 



0.0500 

0.0500 



0.0700 



1.2340 



0.0700 

0.0500 



Average    rate,    cfs 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0609 

0.2875 

0.9133 

0.4369 

0.1051 

0.0637 

0.0500 

Total 

yield,    Inches 

0.384 

0.372 

0.384 

0.384 

0.34  7 

0.467 

2.136 

7.013 

3.246 

0.807 

0.489 

0.372 

Average   annual    rate: 
Total    annual   yield: 
Peak    flow: 


0.1806    cfs. 
35.401    area   inches 
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HELLHOLE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1938-SEPTEMBER  1939. 


1 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3777 

0.6241 

0.4342 

0.0500 

0.0500 

0.0500 

2 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3502 

U.H4K.S 

0.4402 

0.0500 

0.0500 

0.0500 

3 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3210 

0.9885 

0.4402 

0.0500 

0.0500 

0.0500 

4 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.2593 

1.0818 

0.4202 

0.0500 

0.0500 

0.0500 

5 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.2001 

0.9755 

0.4202 

0.0500 

0.0500 

0.0500 

6 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.2201 

0.9530 

0.4102 

0.0500 

0.0500 

0.0500 

7 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.2501 

1.0456 

0.4002 

0.0500 

0.0500 

0.0500 

8 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.2701 

1.1581 

0.4002 

0.0500 

0.0500 

0.0500 

9 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3002 

1.2507 

0.4002 

0.0500 

0.0500 

0.0500 

10 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3302 

1.3007 

0.3802 

0.0500 

0.0500 

0.0500 

11 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3502 

1.2558 

0.3502 

0.0500 

0.0500 

0.0500 

12 

0.0500 

0.0700 

0.0700 

0.0500 

0.0500 

0.0500 

0.3740 

1.2440 

0.3302 

0.0500 

0.0500 

0.0500 

13 

0.0500 

0.0700 

0.0558 

0.0500 

0.0500 

0.0500 

0.3602 

1.2307 

0.3002 

0.0500 

0.0500 

0.0500 

14 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.3802 

1.2632 

0.2701 

0.0500 

0.0500 

0.0500 

15 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4204 

1.2032 

0.2701 

0.0500 

0.0500 

0.0500 

16 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4492 

1.2190 

0.2401 

0.0500 

0.0500 

0.0500 

17 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4761 

1.1907 

0.1524 

0.0500 

0.0500 

0.0500 

18 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.5069 

1.2004 

0.1401 

0.0500 

0.0500 

0.0500 

19 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4944 

1.1006 

0.1401 

0.0500 

0.0500 

0.0500 

20 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4423 

1.0506 

0.1401 

0.0500 

0.0500 

0.0500 

21 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4027 

0.9805 

0.1401 

0.0500 

0.0500 

0.0500 

22 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.3777 

0.8692 

0.1401 

0.0500 

0.0500 

0.0500 

23 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.3072 

0.7404 

0.1401 

0.0500 

0.0500 

0.0500 

24 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.2278 

0.6604 

0.1401 

0.0500 

0.0500 

0.0500 

25 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.3644 

0.6003 

0.1401 

0.0500 

0.0500 

0.0500 

26 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4402 

0.5103 

0.1201 

0.0500 

0.0500 

0.0500 

27 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.4940 

0.4803 

0.1000 

0.0500 

0.0500 

0.0500 

28 

0.0500 

0.0700 

0.0500 

0.0500 

0.0500 

0.0479 

0.5374 

0.4703 

0.0800 

0.0500 

0.0500 

0.0500 

29 

0.0500 

0.0700 

0.0500 

0.0500 



0.2201 

0.5545 

0.4603 

0.0600 

0.0500 

0.0500 

0.0500 

30 

0.0500 

0.0700 

0.0500 

0.0500 



0.3002 

0.5582 

0.4577 

0.0500 

0.0500 

0.0500 

0.0500 

31 

0.0500 



0.0500 

0.0500 



0.3852 



0.4058 



0.0500 

0.0500 



Averag 

e  rate,  cfs 

0.0500 

0.0700 

0.0580 

0.0500 

0.0500 

0.0743 

0.3799 

0.9297 

0.2531 

0.0500 

0.0500 

0.0500 

Total 

yield,  incl 

es   0.387 

0.520 

0.445 

0.387 

0.347 

0.571 

2.823 

7.138 

1.880 

0.387 

0.387 

0.372 

Average  annual  rate:   0.1721  cfs. 
Total  annual  yield:   15.048  area  inches 
Peak  flow: 


HELLHOLE  CREEK  DS1CHARCE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 939-SEPTEMBER  1940. 


1 

0.0500 

0.0500 

0.0500 

0.  0500 

0.0500 

0.0500 

0.0500 

0.3710 

0.4229 

0.1031 

0.0320 

0.0280 

2 

0.0500 

0.0500 

0.0500 

0.  0500 

0.0500 

0.0500 

0.0500 

0.3910 

0.4101 

0.0700 

0.0320 

0.0280 

3 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.5203 

0.3986 

0.0700 

0.0320 

0.0280 

4 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.6316 

0.3694 

0.0700 

0.0320 

0.0280 

5 

0.0500 

0.0500 

0.0500 

0.  0500 

0.0500 

0.0500 

0.0500 

0.6379 

0.4277 

0.0700 

0.0320 

0.0280 

6 

0.0500 

0.0500 

0.0500 

0.  0500 

0.0500 

0.0500 

0.0500 

0.6170 

0.3152 

0.0700 

0.0320 

0.0280 

7 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.6295 

0.2693 

0.0600 

0.0320 

0.0280 

8 

0.0600 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.6512 

0.2339 

0.0500 

0.0320 

0.0280 

9 

0.0896 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0600 

0.7058 

0.2255 

0.0500 

0.0320 

0.0280 

10 

0.1000 

0.0500 

0.0500 

0.  0500 

0.0500 

0.0500 

0.0700 

0.8184 

0.2001 

0.0500 

0.0320 

0.0280 

11 

0.1000 

0.0500 

0.0500 

0.  0500 

0.0500 

0.0500 

0.0700 

0.9464 

0.1729 

0.0500 

0.0320 

0.0280 

12 

0.0800 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0865 

1.0658 

0.1401 

0.0500 

0.0320 

0.0280 

13 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.1397 

1.1083 

0.1401 

0.0500 

0.0320 

0.0280 

14 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.2201 

1.1298 

0.1401 

0.0500 

0.0320 

0.0280 

15 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3035 

1.1406 

0.1401 

0.0500 

0.0320 

0.0280 

16 

0.0700 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3731 

1.1406 

0.1401 

0.0500 

0.0320 

0.0280 

17 

0.0600 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3902 

1.1406 

0.1201 

0.0500 

0.0320 

0.0280 

18 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3902 

1.0773 

0.1000 

0.0500 

0.0320 

0.0280 

19 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.3950 

0.9724 

0.1000 

0.0500 

0.0320 

0.0280 

20 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.4310 

0.8583 

0.1000 

0.0500 

0.0320 

0.0280 

21 

0.0500 

0.0500 

0.0500 

0.0500. 

0.0500 

0.0500 

0.4803 

0.7735 

0.1000 

0.0500 

0.0320 

0.0280 

22 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.4803 

0.7164 

0.1000 

0.0500 

0.0320 

0.0280 

23 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.4650 

0.6604 

0.1000 

0.0500 

0.0320 

0.0280 

24 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.4682 

0.6330 

0.1000 

0.0500 

0.0300 

0.0280 

25 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.5620 

0.6087 

0.1000 

0.0500 

0.0280 

0.0320 

26 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.6197 

0.5753 

0.0800 

0.0480 

0.0280 

0.0380 

27 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.5603 

0.5303 

0.0700 

0.0450 

0.0280 

0.0430 

28 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.4753 

0.4978 

0.0700 

0.0430 

0.0280 

0.0480 

29 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.4402 

0.4736 

0.0700 

0.0400 

0.0280 

0.0500 

30 

0.0500 

0.0500 

0.0500 

0.0500 



0.0500 

0.4102 

0.4490 

0.0700 

0.0360 

0.0280 

0.0600 

31 

0.0500 



0.0500 

0.0500 



0.0500 



0.4394 



0.0340 

0.0280 



Avera 

>e  rate,  cfs     0.0588 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

0.2764 

0.7391 

0.1809 

0.0535 

0.0311 

0.0314 

Total 

yield,  inches   0.451 

0.372 

0.384 

0.384 

0.359 

0.384 

2.054 

5.675 

1.344 

0.411 

0.238 

0.234 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1351  cfs. 
12.390  area  inches 
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HELLHOLE    CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1940-SEPTEMBER    1941. 


; 

0.0800 

0.0700 

0.1201 

0.0120 

0.0200 

0.0500 

0.0600 

0.5200 

1.9800 

0.2900 

0.1400 

0.1100 

2 

0.1000 

0.0700 

0.1401 

0.0120 

0.0200 

0.0500 

0.0600 

0.6000 

1.8800 

0.2900 

0.1400 

0.1100 

J 

0.1000 

0.0700 

0.1401 

0.0120 

0.0200 

0.0500 

0.0600 

0.5900 

1.7700 

0.2900 

0.1400 

0.1100 

4 

0.1000 

0.0700 

0.1401 

0.0120 

0.0200 

0.0500 

0.0600 

0.6200 

1.7200 

0.2700 

0.1200 

0.1000 

5 

0.1000 

0.0800 

0.1401 

0.0120 

0.0200 

0.0500 

0.1000 

0.7100 

1.6700 

0.2700 

0.1200 

0.1000 

6 

0.1000 

0.1000 

0.1401 

0.0120 

0.0180 

0.0500 

0.1000 

0.5200 

1.6500 

0.2500 

0.1200 

0.1000 

7 

0.1000 

0.1000 

0.1401 

0.0120 

0.0160 

0.0500 

0.1000 

0.6800 

1.7200 

0.2500 

0.1200 

0.0900 

8 

0.1000 

0.1000 

0.1401 

0.0120 

0.0160 

0.0500 

0.1400 

0.6800 

3.1600 

0.2300 

0.1200 

0.0900 

9 

0.1000 

0.1000 

0.1401 

0.0110 

0.0180 

0.0500 

0.1400 

0.5200 

2.4300 

0.2000 

0.1400 

0.0800 

10 

0.1000 

0.1000 

0.1401 

0.0100 

0.0200 

0.0500 

0.1700 

1.2700 

1.6700 

0.2000 

0.1400 

0.0800 

1  i 

0.1000 

0.0300 

0.1401 

0.0100 

0.0200 

0.0500 

0.1700 

2.3200 

1.2  300 

0.2000 

0.1400 

0.0800 

12 

0.1000 

0.0900 

0.1401 

0.0100 

0.0200 

0.0500 

0.1700 

2.5500 

0.7900 

0.1700 

0.1700 

0.0800 

:  3 

0.1000 

0.0900 

0.1401 

0.0100 

0.0200 

0.0400 

0.1700 

2.4900 

0.6000 

0.1700 

0.1100 

0.0800 

14 

0.1000 

0.0900 

0.1201 

0.0100 

0.0200 

0.0200 

0.1700 

2.3200 

0.5400 

0.1700 

0.1100 

0.0800 

15 

0.1000 

0.0900 

0.0700 

0.0100 

0.0200 

0.0200 

0.1700 

2.2100 

0.4800 

0.1700 

0.1100 

0.0800 

16 

0.1000 

0.0900 

0.0400 

0.0100 

0.0200 

0.0200 

0.1700 

1.9300 

0.4400 

0.1600 

0.1200 

0.0900 

17 

0.1000 

0.0900 

0.0200 

0.0100 

0.0200 

0.0200 

0.1700 

1.2300 

0.4100 

0.1600 

0.1200 

0.0900 

18 

0.1000 

0.0900 

0.0120 

0.0100 

0.0200 

0.0200 

0.1700 

1.5200 

0.4000 

0.1600 

0.1300 

0.0900 

19 

0.1000 

0.0900 

0.0040 

0.0100 

0.0200 

0.0200 

0.1700 

1.2700 

0.3900 

0.1600 

0.1300 

0.0900 

20 

0.1000 

0. 0900 

0.0050 

0.0100 

0.0400 

0.0400 

0.1700 

0.9200 

0.3600 

0.1600 

0.1300 

0.0900 

21 

0.1000 

0.0900 

0.0060 

0.0100 

0.0500 

0.0500 

0.1700 

0.8500 

0.3600 

0.1600 

0.1300 

0.0900 

:: 

0.0800 

0.0900 

0.0060 

0.0100 

0.0500 

0.0500 

0.2000 

0.7900 

0.3400 

0.1600 

0.1300 

0.1400 

23 

0.0700 

0.0900 

0.  0060 

0.0110 

0.0500 

0.0500 

0.2200 

1.0500 

0.3200 

0.1600 

0.1200 

0.2000 

24 

0.0700 

0.0900 

0.0070 

0.0130 

0.0500 

0.0500 

0.2900 

1.1800 

0 . 3000 

0.1600 

0.1200 

0.1500 

23 

0.0700 

0.0900 

0.0080 

0.0140 

0.0500 

0.0500 

0.3200 

1.2700 

0.3000 

0.1600 

0.1100 

0.1400 

2  b 

0.0700 

0.0900 

0.0090 

0.0140 

0.0500 

0.0500 

0.2900 

1.3200 

0.2900 

0.1700 

0.1100 

0.1000 

27 

0.0700 

0.0900 

0.0100 

0.0140 

0.0500 

0.0500 

0.3400 

1.3700 

0.2900 

0.1700 

0.1100 

0.1000 

28 

0.0700 

0.0900 

0.0110 

0.0140 

0.0500 

0.0500 

0.3300 

1.4200 

0.2900 

0.1600 

0.1100 

0.0900 

29 

0.0700 

0.0900 

0.0120 

0.0180 



0.0500 

0.3900 

1.6200 

0.2900 

0.1400 

0.1100 

0.0900 

10 

0.0700 

0.0900 

0.0120 

0.0200 



0.0500 

0.4300 

1.9300 

0.2900 

0.1400 

0.1100 

0.0900 

31 

0.0700 



0.0120 

0.0200 



0.0500 



2.0400 



0.1400 

0.1100 



Average    rate,    cfs 

0.0900 

0.0887 

0.0700 

0.0121 

0.0289 

0.0436 

0.1900 

1.3000 

0.9500 

0.1900 

0.1200 

0.1000 

Total  yield,    inches 

0.691 

0.659 

0.538 

0.093 

0.200 

0.335 

1.380 

9.980 

7.020 

1.470 

0.950 

0.750 

Average    annual    rate; 
Total   annual  yield: 
Peak   flow: 


0.2650    cfs. 
24.066   area   inches 


HELLHOLE   CREEK   DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER    194 1-SEPTEMBER    1942. 


1 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.1700 

1.3200 

0.2500 

0.1500 

0.0700 

2 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.1700 

1.5200 

0.2500 

0.1400 

0.0600 

3 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.1700 

1.7700 

0.2300 

0.1400 

0.0600 

4 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.1700 

2.2100 

0.2000 

0.1400 

0.0600 

5 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.1700 

2.3200 

0.2000 

0.1300 

0.0600 

6 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.1700 

2.4300 

0.2000 

0.1300 

0.0600 

7 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.2300 

2.5500 

0.2000 

0.1300 

0.0600 

8 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0300 

0.0400 

0.4000 

2.5500 

0.2000 

0.1300 

0.0600 

9 

0.0800 

0.0600 

0.0500 

0.0500 

0.0500 

0.0300 

0.0400 

0.6200 

2.4300 

0.2200 

0.1300 

0.0500 

10 

0.0800 

0.0500 

0.0500 

0.0500 

0.0500 

0.0400 

0.0400 

0.7100 

2.2600 

0.2200 

0.1200 

0.0500 

11 

0.0800 

0.0500 

0.0500 

0.0500 

0.0500 

0.0400 

0.1100 

0.4400 

2.2100 

0.2000 

0.1100 

0.0500 

12 

0.0800 

0.0500 

0.0500 

0.0500 

0.0500 

0.0400 

0.1800 

0.5000 

1.7700 

0.2000 

0.1000 

0.0500 

13 

0.0800 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.2400 

0.4600 

1.3700 

0.1900 

0.1000 

0.0500 

14 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3000 

0.5000 

1.0900 

0.1700 

0.1000 

0.0500 

15 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3500 

0.3800 

0.9600 

0.1700 

0.1000 

0.0500 

16 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3300 

0.4800 

0.9200 

0.1700 

0.1000 

0.0500 

17 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3300 

0.4600 

0.9200 

0.1700 

0.1000 

0.0500 

18 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3300 

0.4600 

0.7900 

0.1700 

0.1000 

0.0500 

19 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3300 

0.5200 

0.6500 

0.1700 

0.1000 

0.0500 

2', 

0.0600 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3300 

0.6800 

0.6200 

0.1600 

0.1000 

0.0500 

21 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.4800 

0.7900 

0.4800 

0.1600 

0.1000 

0.0600 

.2 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.8500 

1.2300 

0.4300 

0.1600 

0.1000 

0.0700 

23 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.8500 

1.5000 

0.4000 

0.1500 

0.0900 

0.0800 

2* 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.6200 

1.7200 

0.3600 

0.1500 

0.0900 

0.1200 

25 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3800 

2.1500 

0.3300 

0.1500 

0.0800 

0.1000 

26 

U.050U 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.3000 

2.9700 

0.3300 

0.1500 

0.0800 

0.1000 

27 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.2700 

2.4300 

0.3000 

0.1500 

0.0800 

0.1000 

28 

0.0500 

0.0500 

0.0500 

0.0500 

0.0200 

0.0400 

0.2  700 

1.7700 

0.3000 

0.1500 

0.0800 

0.1000 

J4 

0.0500 

0.0500 

0.0500 

0.0500 



0.0400 

0.2  700 

1.5000 

0.2700 

0.1500 

0.0800 

0.1000 

10 

0.0600 

0.0500 

0.0500 

0.0500 



0.0400 

0.2000 

1.2  700 

0.2700 

0.1500 

0.0800 

0.1000 

n 

0.0600 



0.0500 

0.0500 



0.0400 



1.2700 



0.1500 

0.0700 



Average 

rate,    cfs 

0.0600 

0.0500 

0.0500 

0.0500 

0.0300 

0.0300 

0.2600 

0.8500 

1.0200 

0.1800 

0.1100 

0.0700 

Total   y 

leld,    Inches 

0.503 

0.394 

0.384 

0.384 

0.228 

0.26  7 

1.912 

6.554 

8.949 

1.389 

0.812 

0.500 

Average   annual    rate: 
Total    annual   yield: 
Peak    flow: 


0.2300   cfs. 
22.276   area    inches 
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HELLHOLE    CREEK    DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    1942-SEPTEMBER    1943. 


1 

0.1000 

0.0200 

0.0200 

0.0200 

0.0300 

0.0400 

0.1301 

0.5  7  70 

0.4642 

0.1601 

0.1000 

0.1000 

2 

0.1000 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.1601 

0.6270 

0.4803 

0.1601 

0.1000 

0.1000 

3 

0.1000 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0. 1601 

0.7954 

0.4402 

0.1601 

0.1000 

0.1000 

4 

0.1000 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.1601 

0.9355 

0.4502 

0.1601 

0.1000 

0.1000 

5 

0.1000 

0.0200 

0.0200 

0.0179 

0.0200 

0.0400 

0.1601 

0.9005 

0.4596 

0.1322 

0.1000 

0.1000 

6 

0.0774 

0.0200 

0.0200 

0.0300 

0.0200 

0.0400 

0.1801 

0.9120 

0.4502 

0.1000 

0.1000 

0.1000 

7 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2101 

0.7804 

0.4502 

0.0800 

0.1000 

0.1000 

8 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2062 

0.6804 

0.4502 

0.0800 

0.1000 

0.1000 

9 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2001 

0.5903 

0.4402 

0.0800 

0.1000 

0.1000 

10 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2001 

0.5446 

0.4202 

0.0800 

0.1000 

0.1000 

11 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2001 

0.4803 

0.4002 

0.0800 

0.1000 

0.1000 

12 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0 . 1  80 1 

0.4603 

0.3902 

0.0800 

0.1000 

0.1000 

13 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.1601 

0.4603 

0.4425 

0.0800 

U.1000 

0.1000 

14 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.1901 

0.4603 

0.4263 

0.0800 

0.1000 

0.1000 

15 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2139 

0.4502 

0.4155 

0.0800 

0.1000 

0.1000 

16 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2201 

0.4402 

0.3802 

0.0800 

0.1000 

0.1000 

17 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.2701 

0.3877 

0.3602 

0.0800 

0.1201 

0.1000 

18 

0.0700 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.3102 

0.3302 

0.3302 

0.0800 

0.1201 

0.1000 

19 

0.3427 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.3302 

0.30  72 

0.3302 

0.0800 

0.1201 

0.1000 

20 

0.1000 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.3702 

0.3273 

0.3302 

0.0800 

0.1201 

0.1000 

21 

0.0800 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.4903 

0.3502 

0.3154 

0.0800 

0.1201 

0.1000 

22 

0.0800 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.6403 

0.34  35 

0.3002 

0.0800 

0.1201 

0.1000 

23 

0.0946 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.5661 

0.3735 

0.2501 

0.0800 

0.1201 

0.1000 

24 

0.0800 

0.0200 

0.0200 

0.0200 

0.0200 

0.0400 

0.6189 

0.3771 

0.2001 

0.0800 

0.1038 

0.1000 

25 

0.0700 

0.0200 

0.0200 

0.0200 

0.0300 

0.0400 

0.6203 

0.4136 

0.1601 

0.0800 

0.1000 

0.1000 

26 

0.0400 

0.0200 

0.0200 

0.0200 

0.0400 

0.0400 

0.5203 

0.4002 

0.1601 

0.0800 

0.1000 

0.1000 

27 

0.0300 

0.0200 

0.0200 

0.0200 

0.0400 

0.0500 

0.4102 

0.4002 

0.1601 

0.0800 

0.1000 

0.1000 

28 

0.0284 

0.0200 

0.0200 

0.0200 

0.0400 

0.0700 

0.4002 

0.4002 

0.1646 

0.0800 

0.1000 

0.1000 

29 

0.0200 

0.0200 

0.0200 

0.0200 



0.0719 

0.4521 

0.4311 

0.1601 

0.0800 

0.1000 

0.1000 

30 

0.0200 

0.0200 

0.0200 

0.0200 



0.0900 

0.4794 

0.4102 

0.1601 

0.0800 

0.1000 

0.1000 

31 

0.0200 



0.0200 

0.0200 



0.1000 



0.4182 



0.0800 

0.1000 



Average    rate,    cfs 

0.0782 

0.0200 

0.0200 

0.0203 

0.0229 

0.0459 

0.3137 

0.5086 

0.344  7 

0.0927 

0.1047 

0.1000 

Total   yield,    inches        0.600 

0.149 

0.154 

0.156 

0.159 

0.352 

2.331 

3.905 

2.562 

0.712 

0.804 

0.768 

Average    annual    rate: 
Total   annual   yield: 
Peak    flow: 


0.1390    cfs. 
12.650   area    inches 


HELLHOLE    CREEK    DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    194 3-SEPTEMBER    1944. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

17 
18 
19 
20 

21 
22 
23 
24 

25 

26 
27 
28 
29 
30 
31 

Average    rate,    cfs 
Total   yield,    inches 


0.2501 

1.0956 

0. 

1951 

0.1601 

0.0900 

0.2501 

1.5308 

0 

1901 

0.1601 

0.0900 

0.2301 

2.0461 

0 

1901 

0.1501 

0.0900 

0.2301 

2.1212 

0 

1901 

0.1401 

0.0900 

0.280 

1.8260 

0 

1901 

0.1401 

0.0900 

0.4002 

1.5959 

0 

1901 

0.1401 

0.0900 

0.5903 

1.4208 

0 

1901 

0.1401 

0.0900 

0.7504 

1.2307 

0 

1901 

0.1401 

0.0900 

0.8655 

1.0506 

0 

1901 

0.1351 

0.0900 

0.9955 

0.8555 

0 

1901 

0.1301 

0.0900 

1.0506 

0.7004 

0 

1751 

0.1301 

0.O900 

1.0506 

0.6353 

0 

1601 

0.1301 

0.1000 

1.0956 

0.5703 

0 

1601 

0.1301 

0.0950 

0 

0800 

1.1606 

0.5053 

0 

1601 

0  . 1  30 1 

0.0800 

0 

0800 

1.2257 

0.4752 

0 

1601 

0.1301 

0.0800 

0 

0800 

1.2957 

0.4552 

0 

1601 

0.1301 

0.0800 

0 

0800 

1.240  7 

0.4452 

0. 

1601 

0.1301 

0.0800 

0 

0800 

1.1056 

0.4402 

u 

1601 

0.1301 

0.0850 

0 

0800 

0.9855 

0.4352 

0 

1601 

0.  1301 

0.0900 

0 

0800 

0.8355 

0.4152 

0 

1601 

0  .  1  30 1 

0.0900 

0 

0800 

0.7304 

0.3902 

0 

1601 

0 . 1 30 1 

0.0900 

0 

0850 

0.7304 

0.3802 

0 

1601 

0.1251 

0.0900 

0 

0900 

0.8555 

0.3702 

0 

1601 

0.1201 

0.0900 

0 

0900 

0.9605 

0.3602 

0 

1601 

0.1000 

0.0900 

0 

0900 

0.9405 

0.3522 

0 

1601 

0.0800 

0.0900 

0 

0900 

0.8855 

0.3372 

0 

1601 

0.0800 

0.0900 

0 

0900 

0.8204 

0.3152 

0 

1601 

0.0800 

0.0900 

0 

09  30 

0.7904 

0.2751 

0 

1601 

0.0850 

0.0900 

u 

1481 

0.8204 

0.2401 

0 

1601 

0.0900 

0.0900 

0 

2151 

0.9055 

0.2151 

1601 

0.0900 

0.0900 

0.9605 



0 

1601 

0.0900 



0.8158 

0.7695 

0 

1704 

0.1228 

0.0890 

6.263 

5.718 

1 

308 

0.943 

0.662 

Average   annual    rate: 
Total   annual  yield: 
P  e  ak    f  low  : 
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HELLHOLE   CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1944-SEPTEMBER    1945. 


1 

0.0900 

0.1000 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.5000 

0.6200 

0.2000 

0.0900 

0.1100 

2 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.5  700 

0.5  700 

0.1600 

0.0900 

0.1100 

3 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.6600 

0.6000 

0.1400 

0.0900 

0.1100 

4 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.9600 

0.6000 

0.1200 

0.0900 

0.1100 

3 

0.0900 

0.1600 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.1400 

0.9600 

0.1200 

0.0900 

0.1000 

6 

0.0900 

0.1600 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.2  700 

2.0400 

0.1600 

0.0900 

0.0900 

i 

0.0900 

0.1600 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.3700 

2.0400 

0.1600 

0.0900 

0.0900 

8 

0.0900 

0.1000 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.3200 

1.6700 

0.1600 

0.0900 

0.0900 

9 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.2  700 

1.5000 

0.1400 

0.0900 

0.0900 

lu 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.3200 

1.3700 

0.1400 

0.0900 

0.0900 

1  1 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.4200 

1.1800 

0.1200 

0.0900 

0.0900 

12 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1  100 

1.3700 

0.9200 

0.1200 

0.0900 

0.0900 

13 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1300 

1.3  700 

0.6800 

0.0900 

0.0900 

0.0800 

14 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1500 

1.2300 

0.5300 

0.0900 

0.0900 

0.0700 

13 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1700 

1.0500 

0.4600 

0.0900 

0.0900 

0.0700 

16 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1900 

1.0000 

0.4400 

0.0900 

0.1000 

0.0700 

17 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2100 

0.9600 

0.4300 

0.0900 

0.1100 

0.0700 

18 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2300 

0.9600 

0.4000 

0.0900 

0.1100 

0.0700 

I'.i 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2500 

0 . 8800 

0.4000 

0.0900 

0.1200 

0.0700 

:u 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2  700 

0.7500 

0.3800 

0.0900 

0.1200 

0.0700 

21 

0.0900 

0.0900 

3.0900 

0.0900 

0.0900 

0.0900 

0.2900 

0.6600 

0.3800 

0.0900 

0.1100 

0.0700 

22 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3100 

0.6200 

0.  400 

0.0900 

0.1100 

0.0700 

23 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3200 

0.6000 

0.3400 

0.0900 

0.1100 

0.0700 

24 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3400 

0.6000 

0.3300 

0.0900 

0.1100 

0.0700 

25 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3600 

0.6200 

0.3300 

0.0900 

0.1100 

0.0700 

26 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0 . 3800 

0.6800 

0.3300 

0.1100 

0.1100 

0.0800 

27 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.4000 

0.7100 

0.3300 

0.1100 

0.1100 

0.0900 

28 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.4200 

0.7100 

0.3000 

0.1100 

0.1100 

0.0900 

29 

0.0900 

0.0900 

0.0900 

0.0900 



0.0900 

0.4400 

0.7100 

0.2700 

0.1100 

0.1100 

0.0900 

in 

0.0900 

0.0900 

0.0900 

0.0900 



0.0900 

0.4700 

0.7100 

0.2300 

0.1000 

0.1100 

0.0900 

31 

0.0900 



0.0900 

0.0900 



0.0900 



0.6800 



0.1000 

0.1100 



Average 

rate,  cfs 

0.0900 

0.1000 

0.0900 

0.0900 

0.0900 

0.0900 

0.2100 

0.9200 

0.7000 

0.1100 

0.1000 

0.0800 

Total  y 

ield,  inches 

0.690 

0.740 

0.690 

0.690 

0.620 

0.690 

1.590 

7.100 

5.194 

0.880 

0.770 

0.630 

Average    annual    rate: 
Total    annual   yield: 
Peak    flow: 


0.2230   cfs. 
20.284   area   inches 


HELLHOLE    CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1945-SEPTEMBER   1946. 


1 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.9600 

0.73CO   0.2800 

0.1200 

0.1200 

2 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.8800 

0.6800   0.2800 

0.1200 

0.1200 

3 

0.0700 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1000 

0.8500 

0.2800 

0.1200 

0.1100 

4 

0.0600 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0. 1100 

0.8500 

0.2800 

0.1200 

0.1100 

5 

0.0600 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1200 

0.9200 

0.2800 

0.1200 

0.1100 

6 

0.0600 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1300 

1.0900 

0.2800 

0.1200 

0.1100 

7 

0.0600 

0.1200 

0.0900 

0.0900 

0.0900 

0.0900 

0.1400 

1.1400 

0.2800 

0.1200 

0.1100 

8 

0.0600 

0.1200 

0.0900 

0.0900 

0.0900 

0.0900 

0.1500 

1.1800 

0.2800 

0.1200 

0.1100 

9 

0.0600 

0.1200 

0.0900 

0.0900 

0.0900 

0.0900 

0.1600 

1.1600 

0.2400 

0.1200 

0.1100 

10 

0.0800 

0.1000 

0.0900 

0.0900 

0.0900 

0.0900 

0.1700 

1.0500 

0.2400 

0.1200 

0.0900 

11 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1800 

0.8800 

0.2400 

0.1200 

0.0900 

12 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1900 

0.7500 

0.2400 

0.1200 

0.0900 

13 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2000 

0.6800 

0.2400 

0.1600 

0.0900 

14 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2000 

0.6000 

0.2400 

0.1200 

0.0900 

1  . 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2100 

0.5700 

0.2400 

0.1200 

0.0900 

16 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3800 

0.5700 

0.2400 

0.1200 

0.0900 

17 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.4400 

0.5800 

0.2400 

0.1200 

0.0900 

18 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.5  700 

0.5800 

0.2300 

0.1200 

0.0900 

p. 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.7500 

0.5900 

0.2000 

0.1200 

0.0900 

20 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.9200 

0.5800 

0.1900 

0.1200 

0.0900 

21 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.9200 

0.6000 

0.1900 

0.1200 

0.0900 

J. 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.7500 

0.6000 

0.1900 

0.1200 

0.0900 

23 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.6800 

0.5700 

0.1900 

0.1200 

0.0900 

24 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.7100 

0.5000 

0.1900 

0.1200 

0.0600 

25 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.9200 

0.4800 

0.1700 

0.1200 

0.0600 

:u 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.0500 

0.4500 

0.1700 

0.1200 

0.0600 

27 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.1800 

0.4600 

0.1700 

0.1200 

0.0600 

28 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.1400 

0.7500 

0.1700 

0.1200 

0.0600 

29 

0.0900 

0.0900 

0.0900 

0.0900 



0.0900 

1.0900 

0.8500 

0.1700 

0.1200 

0.0600 

10 

0.0900 

0.0900 

0.0900 

0.0900 



0.0900 

1.0700 

0.7900 

0.1700 

0.1200 

0.0600 

31 

0.0900 



0.0900 

0.0900 



0.0900 



0.7500 

0.1200 

0.1200 



Ave  rage 

rate,  cfs 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.4900 

0.7500 

0.4200   0.2200 

0.1200 

0.0900 

Total  y 

ield,  inches 

0.640 

0.690 

0.690 

0.690 

0.620 

0.690 

3.670 

5.761 

3.120    1.710 

0.930 

0.670 

Average    annual    rate: 
Total    annual  yield: 
Peak    flow: 


0.2180    cfs. 
19.881    area   inches 
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DAY 


HELLHOLE   CREEK   DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER    1946-SEPTEMBER    1947. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

0.1200 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.7500 

0.5000 

0.1200 

0.1300 

0.0900 

2 

0.1200 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.9200 

0.4800 

0.1100 

0 . 1 300 

0.0900 

3 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.3200 

0.4800 

0.1100 

0.1200 

0.0900 

4 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.5200 

0.4400 

0.1100 

0.1200 

0.0900 

5 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

1.5  700 

0.4200 

0.1100 

0.1400 

0.0900 

6 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0. 1000 

1.6200 

0.4000 

0. 1100 

0.1300 

0.0900 

7 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1000 

1.7200 

0.3600 

0.1100 

0.1300 

0.0900 

8 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1100 

1.7200 

0.3400 

0.1100 

0.1300 

0.0900 

9 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1100 

1.6700 

0.3400 

0.1100 

0.1300 

0.0900 

10 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1200 

1.5  700 

0.3000 

0.1100 

0.1600 

0.0900 

11 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1200 

1.5000 

0.3000 

0.1100 

0.1400 

0.0900 

12 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1300 

1.5000 

0.3300 

0.1100 

0.0900 

0.0900 

13 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1300 

1.7200 

0.3300 

0.1100 

0.0900 

0.0900 

14 

0.1100 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1400 

1.7700 

0.3000 

0.1100 

0.0900 

0.0900 

15 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1500 

1.6700 

0.2700 

0.1100 

0.0900 

0.0900 

16 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.1600 

1.5400 

0.2500 

0.1100 

0.0900 

0.0900 

17 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2000 

1.5000 

0.2500 

0.0900 

0.0900 

0.0900 

18 

0.1200 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2300 

1.4100 

0.2500 

0.0900 

0.0900 

0.0900 

19 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2700 

1.3700 

0.2100 

0.0900 

0.0900 

0.0900 

20 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3000 

1.2700 

0.2300 

0.0900 

0.0900 

0.0900 

21 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3300 

1.2300 

0.2300 

0.0900 

0.0900 

0.0900 

22 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3400 

1.2300 

0.2300 

0.0900 

0.0900 

0.0900 

23 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3300 

1.1400 

0.2000 

0.0900 

0.0900 

0.1000 

24 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3300 

1.0300 

0.1800 

0.0900 

0.0900 

0.1100 

25 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3300 

0.9600 

0.1600 

0.0900 

0.0900 

0.1100 

26 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3300 

0.9600 

0.1600 

0.1000 

0.0900 

0.1100 

27 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3300 

0.8800 

0.1600 

0.1100 

0.0900 

0.1100 

28 

0.0800 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.3600 

0.7500 

0.1600 

0.1100 

0.0900 

0.1100 

29 

0.0800 

0.0900 

0.0900 

0.0900 



0.0900 

0.4400 

0.7100 

0.1200 

0.1200 

0.0900 

0.1100 

30 

0.0800 

0.0900 

0.0900 

0.0900 



0.0900 

0.6200 

0.6200 

0.1200 

0.1300 

0.0900 

0.1100 

31 

0.0800 



0.0900 

0.0900 



0.0900 



0.5400 



0.1300 

0.0900 



Average  rate,  cfs 

0.1000 

0.0900 

0.0900 

0.0900 

0.0900 

0.0900 

0.2100 

1.1800 

0.2800 

0.1100 

0.1000 

0.1000 

Total 

yield,  inches 

0.730 

0.670 

0.690 

0.690 

0.620 

0.690 

1.580 

9.830 

2.110 

0.810 

0.810 

0.710 

Average    annual    rate: 
Total    annual  yield: 
Peak    flow: 


0.2110    cfs. 
19.940    area   inches 


HELLHOLE   CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,   OCTOBER    1948-SEPTEMBER    1949. 


JULY 


1 
2 
3 

4 

5 

6 

7 
8 
9 
10 

11 
12 
13 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average    rate,    cfs 
Total   yield,    inches 

Average    annual    rate: 
Total   annual   yield: 
Peak    flow: 


0.1600 

0.1100 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6000 

1.1800 

0.1400 

0.1200 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6500 

1.0600 

0.1300 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.9200 

0.9600 

0.1200 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.0500 

0.9200 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1200 

0.8500 

0.8500 

0.1700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1500 

0.6600 

0.7900 

0.1700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1800 

0.6000 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2200 

0.6200 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2500 

0.7500 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2700 

1.0200 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2900 

1.1800 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3000 

1.3200 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3200 

1.5200 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3400 

1.7  700 

0.2300 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3700 

1.9300 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4000 

1.9000 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4300 

2.5500 

0.2000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4500 

2.7900 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4800 

2.6700 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5200 

2.5800 

0.1600 

0.1000 

0.1000 

0.1000 

.0.1000 

0.1000 

0.5500 

2.4900 

0.1600 

0.1000 

0.1000 

0. 1000 

0.1000 

0.1000 

0.6000 

2.4600 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6600 

2.1500 

0.1600 

0.1000 

0.1000 

0.1000 

o; iooo 

0.1000 

0.7100 

1.9800 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.8300 

1.9000 

0.1200 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.7900 

1.8300 

0.1100 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.7500 

1.7700 

0.1100 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.8500 

1.6900 

0.1100 

0.1000 

0.1000 

0.1000 



0.1000 

0.9200 

1.5700 

0.1100 

0.1000 

0.1000 

0.1000 



0.1000 

0.7500 

1.4200 

0.1100 

— 

0.1000 

0.1000 



0.1000 



1.2300 

0.1600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4  300 

1.5619 

1.220 

0.750 

0.770 

0.770 

0.690 

0.770 

3.190 

11.990 
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HELLHOLE   CREEK  DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER   1955-SEPTEMBER    1956. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


AUG 


SEPT 


0.0500  0.4400  0.6000  0.1800  0.1500  0.0800 

0.0600  0.4500  0.5400  0.1800  0.1500  0.0800 

0.0600  0.4700  0.5200  0.1600  0.1500  0.0800 

0.0600  0.5200  0.4800  0.1600  0.1400  0.0800 

0.0600  0.6000  0.4500  0.1600  0.1400  0.0800 


6 
i 

8 
9 
10 


0.0700 
0.0700 
0.0700 
0.0800 
0.0800 


0.6200 
0.6500 
0.6500 
0.6500 
0.6500 


0.4400 
0.4300 
0.4000 
0.4000 
0.3800 


0.1600 
0.1600 
0.1600 
0.1600 
0.1600 


0.1400 
0.1400 
0.1200 
0.1200 
0.1200 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


1  1 
12 
1  3 
14 
15 


0.1000 
0.1200 
0.1400 
0.1600 

0.2000 


0.6200 
0.6000 
0.5700 
0.5200 
0.5200 


0.3800 
0.3600 
0.3600 
0.3400 
0.3400 


0.1600 
0.1400 
0.1300 
0.1300 
0.1300 


0.1200 
0.1100 
0.1100 
0.1100 
0.1000 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


1. 
17 
18 
r< 
20 


0.2300 
0.2500 
0.2  700 
0.2900 

0.  j4U0 


0.5600 
0.5700 
0.6000 
0.6400 
0.7100 


0.3400 
0.3300 
0.3000 
0.2700 
0.2700 


0.1300 
0.1200 
0.1200 
0.1200 
0.1200 


0.1000 
0.1000 
0.0800 
0.0800 
0.0800 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


21 
22 
23 
24 
25 


0.3900 
0.4300 
0.4600 
0.5200 
0.5200 


U.BBU 

1.0000 

1.1400 

1.1400 

1.1400 


0.2900 
0.2800 
0.2700 
0.2700 
0.2300 


0.1200 
0.1000 
0.1000 
0.0800 
0.0900 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


26 
27 

28 
29 
10 

31 


0.5400 
0.6000 
0.5200 
0.4600 
0.4300 


1.0900 
1.0300 
0.8800 
0.7100 
0.6800 
0.6200 


0.2300 
0.2000 
0.1800 
0 . 1 800 
0.1800 


0.1000 
0.1100 
0.1200 
0.1300 
0.1400 
0.1400 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


Average    rate,    cfs 
Total  yield,    inches 

Average   annual    rate: 
Total    annual  yield: 
Peak    flow: 


0.2500 
1.890 


0.7100 
5.420 


0.3400 
2.540 


0.1300 
1.030 


0.1000 
0.810 


0.0800 
0.590 


HELLHOLE    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1956-SEPTEMBER    1957. 


1 

0.0800 

0.0900 

2 

0.0800 

0.0900 

3 

0.0800 

0.0900 

4 

0.0800 

0.0900 

5 

0.0800 

0.0800 

6 

0.0800 

0.0800 

i 

0.0800 

0.0800 

8 

0.0800 

0.0800 

9 

0.0800 

0.0800 

10 

0.0800 

0.0800 

11 

0.0800 

0.0800 

12 

0.0800 

0.0800 

1  J 

0.0800 

0.0800 

L4 

0.0800 

0.0800 

15 

0.0800 

0.0800 

16 

0.0900 

0.0800 

17 

0.0900 

18 

0.1000 

19 

0.1000 

2  0 

0.1100 

21 

0.1100 

:: 

0.1200 

21 

0.1200 

2  4 

0.1100 

2  0 

0.1100 

26 

0.1100 

27 

0.1100 

28 

0.1000 

29 

0.1000 

JO 

0.1000 

31 

0.1000 

Average    rat.  , 

0.0900 

Total   yield,    inches 

0.710 

Average    annual    rate: 
Total    annual   yield: 
Peak    flow: 


SEPT 


0.0800 

0.1800 

1.5200 

0.3300 

0 

1600 

0 

1200 

0.0800 

0.3000 

1.6200 

0.3300 

0 

1600 

0 

1200 

0.0800 

0.3900 

1.7700 

0.3200 

0 

1600 

0 

1200 

0.0800 

0.4400 

1.8800 

0.3000 

0 

1600 

0 

1200 

0.0500 

0.4800 

2.0400 

0.3000 

0 

1200 

0 

1200 

0.0500 

0.6000 

1.9800 

0.2800 

0 

1200 

0 

1200 

0.0500 

0.7700 

1.7700 

0.2700 

0 

1200 

0 

1200 

0.0500 

0.8800 

1.6700 

0.2700 

0 

1200 

0 

1200 

0.0300 

0.0500 

0.9200 

1.5700 

0.2700 

0 

1200 

0 

1200 

0.0300 

0.0500 

0.9200 

1.4200 

0.2700 

0 

1200 

0 

1200 

0.0400 

0.0500 

0.7500 

1.3700 

0.2700 

0 

1200 

0 

1200 

0.0500 

0.0500 

0.6500 

1.2700 

0.2  700 

0 

1200 

0 

1200 

0.0500 

0.1000 

0.7500 

1.1400 

0.2  700 

0 

1200 

0 

1200 

0.0600 

0 . 1 300 

1.0000 

0.9600 

0.2500 

0 

1200 

0 

1200 

0.0700 

0.1300 

1.0000 

0.8700 

0.2300 

0 

1200 

0 

1200 

0.0700 

0.1300 

0.8800 

0.7700 

0.2300 

0 

1200 

0 

1200 

0.0800 

0.1300 

0.7900 

0.7300 

0.2300 

0 

1200 

0 

1200 

0.0800 

0.1300 

0.8800 

0.6800 

0.2000 

0 

1200 

0 

1200 

0.0500 

0.1300 

1.2100 

0.6200 

0.1800 

0 

1200 

0 

1200 

0.0200 

0.1300 

1.0900 

0.6000 

0.1800 

0 

1200 

0 

1200 

0.0200 

0.1400 

0.7900 

0.5900 

0.1800 

0 

1400 

0 

1200 

0.0200 

0.1400 

0.6500 

0.5300 

0 . 1 800 

0 

1400 

0 

1200 

0.0200 

0.1200 

0.6000 

0.4800 

0.1800 

0 

1400 

0 

1200 

0.0500 

0.1200 

0.6000 

0.4500 

0.1800 

0 

1400 

0 

1200 

0.0500 

0.1200 

0.6700 

0.4400 

0.1800 

0 

1400 

0 

1200 

0.0200 

0.1200 

0.7900 

0.4300 

0.1800 

0 

1300 

0 

1200 

0.0200 

0.1200 

0.9600 

0.4200 

0.1800 

0 

1300 

0 

1200 

0.0200 

0.1200 

1.0900 

0.3800 

0 . 1 800 

0 

1300 

0 

1200 

0.0200 

0.1200 

1.2300 

0.3600 

0.1600 

0 

1300 

0 

1200 

0.0200 

0.1400 

1.3200 

0.3300 

0.1600 

0 

1300 

0 

1200 

0.0500 



1.4200 



0.1600 

0 

1200 



0.1000 

0.8100 

1.0200 

0.2300 

0 

1300 

0 

1200 

0.740 

6.190 

7.590 

1.780 

0 

990 

0 

890 
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HELLHOLE    CREEK  DISCHARGE,    CUBIC    FEET   PER  SECOND,    OCTOBER    195 7-SEPTEMBER    1958. 
CT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1 

0.1200 

0.1200 

2 

0.1200 

0.1200 

3 

0.1200 

0.1200 

4 

0.1200 

0.1200 

5 

0.1200 

0.1200 

6 

0.1200 

0. 1200 

7 

0.1200 

0.1200 

8 

0.1200 

0.1200 

9 

0.1200 

0.1200 

10 

0.1200 

0.1000 

11 

0.1200 

0.0800 

12 

0.1200 

0.0800 

13 

0.1200 

0.0800 

14 

0.1200 

0.0800 

15 

0.1200 

0.0800 

16 

0.1200 

0.0800 

17 

0.1200 

0.0800 

18 

0.1200 

0.0800 

19 

0.1200 

0.0800 

20 

0.1200 

0.0800 

21 

0.1200 

0.0800 

22 

0.1200 

0.0800 

23 

0.1200 

0.0800 

24 

0.1200 

0.0800 

25 

0.1200 

0.0800 

26 

0.1200 

0.0800 

27 

0.1200 

0.0800 

28 

0.1200 

0.0800 

29 

0.1200 

0.0  800 

30 

0.1200 

0.0800 

31 

0.1200 



Average    rate,    cfs 

0.1200 

0.0900 

Total  yield,    inches 

0.920 

0.690 

0.0800 
0.0800 
0.0800 
0.0800 
0.0800 


0 

2500 

1.2  700 

0 

2000 

0 

1400 

0 

1200 

0 

J  300 

1. 1400 

0 

1800 

0 

1200 

0 

1000 

0 

4000 

1.0000 

0 

1600 

0 

1200 

0 

1200 

0 

5000 

0.9200 

0 

1600 

0 

1200 

0 

1200 

0 

6500 

0.7500 

0 

1600 

0 

1200 

0 

1200 

0 

7  700 

0.6200 

0 

1600 

0 

1200 

0 

1200 

0 

8500 

0.6000 

0 

1600 

0 

1200 

0 

1200 

0 

7900 

0.4800 

0 

1600 

0 

1200 

0 

1200 

0 

7500 

0.4700 

0 

1600 

0 

1600 

0 

1200 

0 

8500 

0.4600 

0 

1600 

0 

1600 

0 

1200 

1 

0000 

0.4500 

0 

1600 

0 

1400 

0 

0800 

1 

0500 

0.4400 

0 

1600 

0 

1200 

0 

0800 

0 

9200 

0.4500 

0 

1600 

0 

1200 

0 

1200 

0 

8500 

0.4500 

0 

1600 

0 

1200 

0 

1200 

0 

8200 

0.4300 

0 

1600 

0 

1600 

0 

1200 

0 

9600 

0.4000 

0 

1200 

0 

1400 

0 

1200 

1 

1400 

0.3800 

0 

1200 

0 

1400 

0 

1200 

1 

2700 

0.3600 

0 

1200 

0 

1400 

0 

1200 

1 

5200 

0.3300 

0 

1200 

0 

1200 

0 

1200 

1 

7200 

0.2  700 

0 

1200 

0 

0800 

0 

1200 

1 

9100 

0.2700 

0 

1200 

0 

1000 

0 

1200 

1 

9800 

0.2  700 

0 

1200 

0 

1200 

0 

1200 

1 

9800 

0.2700 

0 

1200 

0 

1200 

0 

1200 

2 

0900 

0.2  700 

0 

1600 

0 

1200 

0 

1200 

2 

2100 

0.2  700 

0 

1600 

0 

1000 

0 

1200 

2 

2100 

0.2300 

0 

1600 

0 

0800 

0 

1200 

2 

2600 

0.2000 

0 

1600 

0 

0800 

0 

1200 

: 

1500 

0.2000 

0 

1600 

0 

1200 

0 

1200 

l 

9800 

0.2000 

0 

1200 

0 

1200 

0 

1200 

l 

7700 

0.2000 

0 

1200 

0 

1200 

0 

1200 

l 

5400 



0 

1200 

0 

1200 

— 

l 

2  700 

0.4700 

0 

1500 

0 

1200 

0 

1200 

9 

780 

3.480 

1 

150 

0 

940 

0 

870 

Average   annual    rate: 
Total    annual  yield: 
Peak    flow: 


HELLHOLE    CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1958-SEPTEMBER    1959. 


1 

0.1200 

0.1000 

2 

0.1200 

0.1000 

3 

0.1200 

0.1000 

4 

0.1200 

0.0900 

5 

0.1200 

0.0900 

6 

0.1200 

0.0900 

7 

0.1200 

0.0900 

8 

0.1200 

0.0900 

9 

0.1200 

0.0900 

10 

0.1200 

0.0900 

11 

0.1200 

0.0900 

12 

0.1200 

0.0900 

13 

0.1100 

0.0900 

14 

0.1100 

0.0800 

15 

0.1100 

0.0800 

16 

0.1100 

0.0800 

17 

0.1100 

0.0800 

18 

0.1100 

0.0800 

19 

0.1100 

0.0800 

20 

0.1100 

21 

0.1100 

22 

0.1100 

23 

0.1100 

24 

0.1000 

25 

0.1000 

26 

0.1000 

27 

0.1000 

28 

0.1000 

29 

0.1000 

30 

0.1000 

31 

0.1000 

Average    rate,    cfs 

0.1100 

Total   yield,    incl 

es        0.850 

0.1200 

0.1000 

0.0800 

0.1200 

0.0900 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0.1200 

0.0800 

0.0800 

0 

2000 

0.1200 

0.0800 

0.0800 

0 

2000 

0.1200 

0.0800 

0.0800 

0 

1800 

0.1200 

0.0800 

0.0800 

0 

1600 

0.1200 

0.0800 

0.0800 

0 

1600 

0.1200 

0.0800 

0.0800 

u 

1600 

0.1200 

0.0800 

0.0800 

0 

1600 

0.1200 

0.0800 

0.0800 

u 

1600 

0.1200 

0.0800 

0.0800 

0 

1600 

0.1200 

0.0800 

0.0800 

0 

1600 

0.1200 

0.0800 

0.0800 

0 

1400 

0.1200 

0.0800 

0.0800 

0 

1400 

0.1200 

0.0800 

0.0800 

0 

1400 

0.1200 

0.0800 

0.0800 

0 

1400 

0.1200 

0.0800 

0.0800 

0 

1200 

0.1100 

0.0800 

0.0800 

— 

0.1000 

0.0800 



0.1200 

0.0800 

0.0800 

0.910 

0.620 

0.590 

Average    annual    rate: 
Total   annual   yield: 
Peak,    flow: 


93 


Rice 

Rice  Creek  was  gaged  with  a  12-inch  flume  at  the 
7,020-foot  elevation,  and  streamflow  records  were  obtain- 
ed for  18  years  from  1937  through  1961.  It  has  a  mean 
yield  of  24  inches  per  year,  exceeded  only  by  Mud 
Creek.  More  than  half  of  Rice  is  above  7,800  feet  eleva- 
tion, is  northeast-facing,  and  the  upper  reaches  are 
prime  zones  for  deep  snowdrift  accumulation  (fig.  11). 

This  drainage  is  forested  with  conifers  and  aspen, 
primarily  on  the  north-facing  slopes.  Mountain 
brushfields  are  common  on  the  east-facing  slopes  and  in 
the  upper  portion  of  the  catchment.  As  on  Hellhole, 
there  are  prominent  rocky  outcrops  near  the  lower 
reaches  of  the  stream. 


Figure  11.— Topographic  map  of  Rice  Creek 
watershed. 
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RICE  CREEK    DISCHARGE,    CUBIC   FEET   PER    SECOND,  OCTOBER        1936    -    SEPTEMBER    193? 


DAY  OCT 

1 

2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

17 
18 
19 
20 

21 

22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate 

cf  s 
Total    yield 

inches 

Average  annual   rate: 
Total  annual   yield: 


0.0496 

0.0687 

0.0821 

0.0700 

0.0804 

0.5619 

2.2598 

0.3037 

0.0700 

0.0700 

0.0700 

0.0700 

0.0687 

0.0700 

0.3474 

0.6173 

1.9994 

0.2939 

0.0700 

0.0700 

0.0700 

0.0600 

0.0744 

0.0775 

0.4274 

0.6681 

1.8720 

0.2755 

0.0700 

0.0700 

0.0700 

0.0641 

0.0721 

0.0641 

0.4307 

0.7748 

2.0586 

0.2699 

0.0700 

0.0700 

0.0700 

0.0491 

0.0787 

0.0671 

0.4408 

0.9739 

2.0969 

0.2788 

0.0700 

0.0700 

0.0654 

0.0569 

0.0650 

0.0691 

0.4290 

0.9306 

2.1256 

0.2662 

0.0700 

0.0700 

0.0841 

0.0650 

0.0691 

0.0700 

0.3920 

0.6990 

2.1194 

0.2222 

0.0700 

0.0700 

0.0598 

0.0550 

0.0596 

0.0700 

0.3341 

1.4264 

2.0915 

0.1999 

0.0700 

0.0700 

0.0462 

0.0500 

0.0700 

0.0700 

0.3226 

1.7503 

2.0981 

0.1699 

0.0700 

0.0700 

0.0200 

0.0241 

0.0700 

0.0700 

0.5709 

1.7089 

2.0011 

0.1400 

0.0700 

0.0700 

0.0500 

0.0527 

0.0700 

0.0700 

0.7481 

1.8486 

1.7474 

0.1400 

0.0700 

0.0700 

0.0604 

0.0383 

0.0800 

0.0700 

0.6768 

1.7012 

1.5179 

0.1400 

0.0700 

0.0700 

0.0700 

0.0614 

0.0800 

0.0825 

0.6498 

1.7122 

1.2971 

0.1400 

0.0700 

0.0700 

0.0700 

0.0521 

0.0558 

0.1000 

0.6713 

2.0115 

1.1382 

0.1400 

0.0700 

0.0700 

0.0758 

0.0700 

0.0722 

0.0757 

0.6681 

2.3818 

1.0122 

0.1400 

0.0700 

0.0700 

0.0575 

0.0441 

0.0850 

0.0733 

0.6606 

2.2891 

0.9597 

0.1075 

0.0700 

0.0700 

0 

0215 

0.0600 

0.0600 

0.0700 

0.0687 

0.6798 

2.2575 

0.9039 

0.0800 

0.0700 

0.0700 

0 

0887 

0.0700 

0.0700 

0.0800 

0.0700 

0.6623 

2.7604 

0.7960 

0.0920 

0.0700 

0.0700 

0 

0937 

0.0700 

0.0708 

0.0800 

0.0700 

0.6675 

3.1332 

0.7110 

0.1000 

0.0700 

0.0700 

0 

0308 

0.0694 

0.0500 

0.0654 

0.0646 

0.6257 

3.3099 

0.6502 

0.0883 

0.0700 

0.0700 

0 

0287 

0.0675 

0.0725 

0.0602 

0.0675 

0.6167 

3.4427 

0.6065 

0.0825 

0.0700 

0.0700 

0 

0462 

0.0700 

0.0577 

0.0756 

0.0598 

0.6327 

3.6960 

0.5248 

0.0700 

0.0700 

0.0700 

0 

0895 

0.0700 

0.0125 

0.0800 

0.0804 

0.6257 

4.3129 

0.4953 

0.0700 

0.0700 

0.0700 

0 

0750 

0.0371 

0.0058 

0.1066 

0.0891 

0.5996 

4.7421 

0.4711 

0.0816 

0.0700 

0.0700 

0 

0573 

0.0225 

0.0310 

0.0800 

0.0769 

0.6071 

4.4429 

0.4482 

0.0700 

0.0700 

0.0700 

0 

0535 

0.0612 

0.0558 

0.1091 

0.0833 

0.6311 

4.3029 

0.4328 

0.0700 

0.0700 

0.0700 

0 

0450 

0.0700 

0.0725 

0.0950 

0.6687 

0.6473 

4.3566 

0.3903 

0.0700 

0.0700 

0.0700 

-■ 

■- 

0.0700 

0.0766 

0.1002 

0.0800 

0.6240 

4.4579 

0.3303 

0.0700 

0.0700 

0.0700 

0 

0192 

0.0666 

0.1016 



0.0606 

0.6269 

4.2985 

0.3199 

0.0700 

0.0700 

0.0662 

0 

0425 

0.0466 

0.1075 

... 

0.0500 

0.5744 

3.7989 

0.3253 

0.0700 

0.0700 

0.0721 

— 

" 

0.0687 

0.1168 



0.0500 



2.9326 

--- 

0.0700 

0.0700 

... 

- 

- 

0.0616 

0.0595 

0.0769 

0.0712 

0.5557 

2.5256 

1.1934 

0.1413 

0.0700 

0.0706 

. 

.- 

0.3294 

0.3182 

0.3719 

0.3812 

2.8774 

13.5137 

6.1792 

0.7563 

0.3745 

0.3655 

RICE   CREEK    DISCHARGE,    CUBIC   FEET    PER   SECOND,    OCTOBER    1937   -    SEPTEMBER    1938 
NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

0.0700 

0.0604 

0.0600 

0.0700 

0.0700 

0.0700 

0.0700 

1.4639 

1.9344 

0.1991 

0.1000 

0.1102 

2 

0.0796 

0.0700 

0.0700 

0.0787 

0.0700 

0.1583 

0.0700 

1.0835 

1.6249 

0.1699 

0.1000 

0.0700 

3 

0.0700 

0.0712 

0.0700 

0.0754 

0.0700 

0.1000 

0.0700 

0.6665 

1.3519 

0.1400 

0.1000 

0.0700 

4 

0.0700 

0.0600 

0.0700 

0.0757 

0.0757 

0.0700 

0.0700 

0.4715 

1.0132 

0.1400 

0.1000 

0.0700 

5 

0.0658 

0.1320 

0.0700 

0.0966 

0.0700 

0.1000 

0.0700 

0.3957 

0.7498 

0.1400 

0.1000 

0.0700 

6 

0.0583 

0.0725 

0.0375 

0.0700 

0.0700 

0.0800 

0.0700 

0.3245 

0.5760 

0.1400 

0.1000 

0.0700 

7 

0.0533 

0.0600 

0.0225 

0.0700 

0.0700 

0.0700 

0.0700 

0.2231 

0.4869 

0.1400 

0.1000 

0.0700 

8 

0.0625 

0.0687 

0.0537 

0.0700 

0.0700 

0.0700 

0.0700 

0.2561 

0.4524 

0.1400 

0.1083 

0.0700 

9 

0.0508 

0.0641 

0.0700 

0.0700 

0.0700 

0.0400 

0.0700 

0.3634 

0.4336 

0.1400 

0.1758 

0.0700 

10 

0.0500 

0.0616 

0.0700 

0.0575 

0.0700 

0.0217 

0.0700 

0.5198 

0.4282 

0.1400 

0.1200 

0.0700 

11 

0.0658 

0.0571 

0.1574 

0.0566 

0.0920 

0.0775 

0.0700 

0..8312 

0.4068 

0.1400 

0.1000 

0.0700 

12 

0.0741 

0.0700 

0.1187 

0.0092 

0.1000 

0.1000 

0.0700 

1.3271 

0.3707 

0.1400 

0.1000 

0.0700 

13 

0.0779 

0.0625 

0.0700 

0.0571 

0.1000 

0.0800 

0.0700 

2.0977 

0.3905 

0.1400 

0.1000 

0.0700 

14 

0.0700 

0.0446 

0.0700 

0.0591 

0.0858 

0.0700 

0.0600 

3.0237 

0.3651 

0.1400 

0.1000 

0.0700 

15 

0.2530 

0.0762 

0.0700 

0.0683 

0.0700 

0.0700 

0.0577 

3.5281 

0.2791 

0.1400 

0.1000 

0.0700 

16 

0.1141 

0.0700 

0.0700 

0.0608 

0.0700 

0.0700 

0.1318 

4.10J6 

0.2079 

0.1400 

0.1000 

0.0700 

17 

0.1187 

0.0558 

0.0769 

0.0387 

0.0700 

0.0700 

0.3320 

3.8237 

0.2021 

0.1400 

0.1000 

0.0700 

18 

0.0986 

0.0825 

0.0600 

0.0653 

0.0700 

0.0700 

0.5359 

3.1403 

0.1999 

0.1400 

0.1000 

0.0700 

19 

0.0779 

0.0766 

0.0600 

0.0764 

0.O700 

0.0700 

0.6958 

2.1796 

0.2199 

0.1400 

0.1000 

0.0700 

20 

0.0750 

0.1225 

0.0608 

0.0833 

0.0700 

0.0816 

0.6082 

1.5004 

0.2820 

0.1400 

0.1000 

0.0700 

21 

0.0754 

0.1433 

0.0619 

0.0700 

0.0700 

0.0800 

0.6425 

1.1509 

0.2399 

0.1400 

0.1000 

0.0700 

22 

0.0737 

0.0800 

0.0600 

0.0700 

0.0700 

0.1000 

1.2124 

1.1930 

0.1999 

0.1400 

0.1000 

0.0700 

23 

0.0433 

0.0700 

0.0700 

0.0700 

0.0700 

0.1000 

1.2817 

1.3770 

0.1999 

0.1400 

0.1000 

0.0700 

24 

0.0522 

0.0889 

0.0700 

0.0700 

0.0700 

0.1000 

1.0564 

2.1111 

0.1999 

0.1200 

0.1000 

0.0700 

25 

0.0700 

0.0904 

0.0700 

0.0700 

0.0700 

0.1000 

1.0185 

2.7429 

0.2021 

0.1000 

0.1000 

0.0700 

26 

0.0700 

0.0748 

0.0700 

0.0700 

0.0700 

0.1000 

0.8881 

3.0374 

0.1999 

0.1000 

0.1000 

0.0700 

27 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.1000 

0.6811 

3.1903 

0.1999 

0.1000 

0.1000 

0.0700 

28 

0.0700 

0.0600 

0.0700 

0.0700 

0.0700 

0.1000 

0.8279 

3.0608 

0.1874 

0.1000 

0.1000 

0.0700 

29 

0.0700 

0.0500 

0.0800 

0.0700 

... 

0.0765 

1.2080 

2.7354 

0.2024 

0.1000 

0.0736 

0.0700 

30 

0.0700 

0.0500 

0.0800 

0.0700 



0.0700 

1.5108 

2.5301 

0.2968 

0.1000 

0.0700 

0.0700 

31 

0.0675 

--- 

0.0700 

0.0700 

... 

0.0700 

... 

2.3447 

... 

0.1000 

0.1019 

... 

Average  rate 
cfs 

0.0774 

0.0739 

0.0703 

0.0671 

0.0735 

0.0827 

0.4553 

1.8322 

0.4700 

0.1332 

0.1016 

0.0713 

Total  yield 
inches 

0.4143 

0.3824 

0.3761 

0.3588 

0.3551 

0.4427 

2.3573 

9.8032 

2.4336 

0.7125 

0.5435 

0.3693 

Average  annual   rate:       0.2924   cfs 
Total   annual   yield:       18.5488    inches 


95 


RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1938-SEPTEMBER  1939. 


OCT 


1 

0.0700 

0.1060 

0.1000 

0.0500 

2 

0.0700 

0.1641 

0.1000 

0.0500 

3 

0.0700 

0.0700 

0.0800 

0.0500 

4 

0.0700 

0.0700 

0.0700 

0.0500 

> 

0.0700 

0.0800 

0.0700 

0.0500 

6 

0.0700 

0.0700 

0.0700 

0.0500 

/ 

0.0700 

0.0700 

0.0700 

0.0500 

8 

0.0700 

0.0700 

0.0700 

0.0500 

9 

0.0700 

0.0700 

0.0700 

0.0500 

10 

0.0700 

0.0800 

0.0700 

0.0500 

!  ] 

0.0700 

0.1000 

0.0700 

0.0500 

L2 

0.0700 

0.1000 

0.0700 

0.0500 

13 

0.0700 

0.1000 

0.0700 

0.0500 

14 

0.0700 

0.1000 

0.0700 

0.0500 

15 

0.0700 

0.1000 

0.0700 

0.0500 

lh 

0.0600 

0.1108 

0.0700 

0.0500 

17 

0.2158 

0.1400 

0.0700 

18 

0.0700 

0.1400 

0.0700 

19 

0.0700 

0.1400 

0.0700 

20 

0.0700 

0.1400 

0.0546 

21 

0.0700 

0.1098 

0.0500 

22 

0.0700 

0.2099 

0.0500 

23 

0.0700 

0.2999 

0.0500 

24 

0.0700 

0.2699 

0.0500 

25 

0.0700 

0.2499 

0.0500 

■J. 

0.0700 

0.2199 

0.0500 

2  7 

0.0700 

0.1699 

0.0500 

28 

0.0700 

0. 1091 

0.0500 

29 

0.0700 

0.1000 

0.0500 

10 

0.0869 

0.1000 

0.0500 

31 

0.1758 



0.0500 

Average  rate,  cfs 

0.0783 

0. 1286 

0.0646 

Total  yield,  incl 

es   0.419 

0.666 

0.346 

0.1525 

2.0748 

0.4761 

0.1999 

0.1999 

0.1000 

0.2599 

2.0756 

0.4399 

0.1999 

0.1699 

0.1000 

0.4780 

2.2393 

0.4299 

0.1999 

0.1400 

0.1000 

0.5213 

2.6130 

0.4047 

0.1999 

0.1400 

0.1000 

0.5736 

2.8410 

0.3970 

0.1999 

0.1400 

0.1000 

0.5098 

2.7429 

0.4153 

0.1999 

0.1400 

0.1200 

0.4558 

2.4068 

0.3632 

0.1999 

0.1400 

0.1408 

0.4674 

2.2160 

0.3299 

0.1999 

0.1400 

0.1400 

0.5190 

2.3799 

0.3424 

0.1999 

0.1400 

0.1400 

0.4628 

2.7104 

0.3199 

0.1999 

0.1400 

0.1400 

0.4020 

2.8392 

0.3199 

0.1999 

0.1400 

0.1518 

0.3905 

2.4268 

0.3199 

0.1999 

0.1400 

0.1699 

0.4854 

2.1381 

0.3199 

0.1999 

0.1400 

0.1662 

0.5678 

2.0269 

0.3199 

0.1999 

0.1400 

0.1400 

0.5213 

2.0273 

0.3199 

0.1999 

0.1400 

0.1400 

0.4482 

1.9711 

0.3199 

0.1999 

0.1400 

0.1083 

0.4349 

1.8994 

0.3199 

0.1999 

0.1400 

0.1000 

0.4782 

1.7895 

0.3199 

0.1999 

0.1400 

0.1000 

0.5446 

1.6195 

0.3199 

0.1999 

0.1400 

0.1000 

0.6185 

1.2467 

0.3199 

0.1999 

0.1400 

0.1000 

0 

0417 

0.8564 

0.9556 

0.3199 

0.1999 

0.1200 

0.1000 

0 

1000 

1. 1168 

0.7893 

0.3199 

0.1999 

0.1000 

0.1000 

0 

1000 

1.2563 

0.6163 

0.3199 

0.1999 

0.1000 

0.1000 

0 

1133 

1.2730 

0.5180 

0.3199 

0.1999 

0.1000 

0.1000 

0 

1233 

1.0593 

0.4388 

0.2999 

0.1999 

0.1000 

0.1000 

0 

1699 

0.8931 

0.4080 

0.2899 

0.1999 

0.1058 

0.1000 

0 

1699 

0.8266 

0.3953 

0.2699 

0.1999 

0.1400 

0.1000 

1) 

1200 

0.9914 

0.4103 

0.2199 

0.1999 

0.1233 

0.1000 

0 

1000 

1.3646 

0.4199 

0.1999 

0.1999 

0.1200 

0.1000 

0 

1000 

1.7612 

0.4399 

0.1999 

0.1999 

0.1000 

0.1000 

0 

1000 



0.4663 



0.1999 

0.1000 



0.6898 

1.6175 

0.3292 

0.1999 

0.1322 

0.1152 

3.572 

8.655 

1.705 

1.070 

0.707 

0.597 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


RICE  CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1939-SEPTEMBER    1940. 


1 

0. 1000 

0.1000 

0.0700 

0.0700 

0.0700 

0. 1000 

0.1999 

0.5482 

0.4769 

0.3028 

0.0500 

0.0500 

2 

0.  1791 

0.1000 

0.0700 

0.0700 

0.0700 

0.0800 

0.1999 

0.7856 

0.4415 

0.2224 

0.0500 

0.0500 

3 

0. 1200 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2199 

1.2256 

0.4099 

0.1999 

0.0500 

0.0500 

4 

0.  1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2499 

1.5824 

0.3932 

0.1999 

0.0500 

0.0500 

5 

0.1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2499 

1.5854 

0.4481 

0. 1690 

0.0500 

0.0500 

6 

0.  1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2499 

1.5808 

0.3499 

0.1400 

0.0500 

0.0500 

7 

0.  1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2499 

1.6206 

0.3291 

0.1400 

0.0600 

0.0500 

8 

0.  1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2699 

1 .7270 

0.2899 

0.1200 

0.0700 

0.0500 

9 

0.1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2899 

1.9913 

0.2999 

0.1000 

0.0700 

0.0500 

10 

0.  1000 

0. 1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2899 

2.3127 

0.3199 

0.1000 

0.0700 

0.0500 

1  ] 

0.  1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2899 

2.6449 

0.3199 

0.1000 

0.0700 

0.0500 

12 

0.  1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2949 

2.9575 

0.3199 

0.0904 

0.0600 

0.0500 

13 

0.  1000 

0. 1000 

0.0  700 

0.0700 

0.0700 

0.0700 

0.3843 

2.9312 

0.3199 

0.0700 

0.0500 

0.0500 

14 

0.  1000 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.5069 

2.4695 

0.3199 

0.0700 

0.0500 

0.0500 

1  . 

0.  1000 

0. 1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.5777 

2.6182 

0.2999 

0.0700 

0.0500 

0.0500 

16 

0. 1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.6157 

2.8088 

0.2699 

0.0600 

0.0500 

0.0500 

17 

0.  1000 

0.0742 

0.0700 

0.0700 

0.0700 

0.0700 

0.5169 

2.8731 

0.2499 

0.0500 

0.0500 

0.0500 

18 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.6086 

2.5393 

0.2199 

0.0500 

0.0500 

0.0500 

19 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.8362 

2.2223 

0.1999 

0.0500 

0.0500 

0.0500 

20 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

1.0930 

2.0831 

0.1999 

0.0500 

0.0500 

0.0500 

21 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

1.  1097 

1.9769 

0.1999 

0.0500 

0.0500 

0.0500 

-'2 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.0800 

1.0053 

1.8670 

0. 1999 

0.0500 

0.0500 

0.0500 

2  ( 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0. 1000 

0.9733 

1.7112 

0. 1999 

0.0500 

0.0500 

0.0500 

24 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0. 1500 

1.0428 

1.5761 

0. 1999 

0.0500 

0.0500 

0.0500 

25 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2199 

1.2984 

1.3879 

0. 1999 

0.0500 

0.0500 

0.1045 

26 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2499 

1.3400 

1.1961 

0. 1999 

0.0500 

0.0500 

0.1000 

27 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.3099 

1.  1013 

1.0294 

0.  1999 

0.0500 

0.0500 

0.1000 

28 

0.  1000 

0.0700 

0.0700 

0.0700 

0.0800 

0.3138 

0.8460 

0.864  7 

0.1999 

0.0500 

0.0500 

0. 1000 

."> 

0.  1000 

0.0700 

0.0700 

0.0700 

0.1000 

0.2  399 

0.6998 

0.7007 

0.1999 

0.0500 

0.0500 

0.1000 

10 

0.  1000 

0.0700 

0.0700 

0.0700 



0.1999 

0.5398 

0.6152 

0.1999 

0.0500 

0.0500 

0.1033 

(1 

0.  1000 



0.0700 

0.0700 



0.1999 



0.5482 



0.0500 

0.0500 



Average  rate,  cfs 

0.  1032 

0.0861 

0.0700 

0.0700 

0.0714 

0. 1153 

0.6050 

1.7607 

0.2859 

0.0937 

0.0532 

0.0602 

rota]  field,  inches 

0.552 

0.446 

0.375 

0.375 

0.357 

0.617 

3.133 

9.421 

1.480 

0.501 

0.285 

0.312 

inriM.i]    rate: 
innual    yield: 
!  Low : 


0.2812   cfs 
17.853  area    inches 


% 


RICE   CREEK   DISCHARGE,    CUBIC    FEET   PER    SECOND,    OCTOBER    1940-SEPTEMBER 1 94 1 . 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average    rate,    cfs 
Total   vield,    inches 


0.0794 

0.0200 

0.1200 

0.0500 

0.0500 

0.0500 

0.1000 

0.4400 

0 

6500 

0.2500 

0.1000 

0.1200 

0.0700 

0.0200 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

0.4500 

0 

6000 

0.2500 

0.0900 

0. 1200 

0.0700 

0.0200 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

0.4400 

1 

5000 

0.2400 

0.0900 

0.1200 

0.0700 

0.0400 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

0.7900 

1 

3700 

0.2400 

0.0800 

0.1200 

0.0700 

0.0500 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

1.1800 

1 

2700 

0.2300 

0.0800 

0.1100 

0.0600 

0.0500 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

1.0000 

1 

2300 

0.2300 

0.0800 

0.1000 

0.0500 

0.0500 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

1.1600 

1 

2  300 

0.2200 

0.0800 

0.1900 

0.0500 

0.0500 

0.0900 

0.0500 

0.0500 

0.0500 

0.1000 

1.5200 

1 

3000 

0.2200 

0.0800 

0.0800 

0.0500 

0.0500 

0.0741 

0.0400 

0.0500 

0.0500 

0.0700 

1.2700 

1 

3200 

0.2100 

0.1000 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.0700 

0.7500 

1 

2  300 

0.2100 

0.1100 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.0700 

0.7900 

1 

2000 

0.2000 

0.1100 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.0700 

1.5200 

1 

2300 

0.2000 

0.2000 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.0700 

1.4200 

0 

7100 

0.1900 

0.1400 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.0700 

1.4200 

0 

4400 

0.1900 

0.1200 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.0700 

1.2300 

0 

4  300 

0.1800 

0.1200 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.1000 

1.0500 

0 

3900 

0.1800 

0.1200 

0.0700 

0.0500 

0.0500 

0.0500 

0.0200 

0.0500 

0.0500 

0.1000 

1.0900 

0 

3600 

0.1700 

0.1200 

0.0700 

0.0500 

0.0700 

0.0400 

0.0200 

0.0500 

0.0500 

0.1400 

1.1400 

0 

3600 

0.1700 

0.1200 

0.0700 

0.0500 

0.0900 

0.0200 

0.0200 

0.0500 

0.0500 

0.1400 

0.8800 

11 

3600 

0.1600 

0.1200 

0.0700 

0.0500 

0.0900 

0.0200 

0.0200 

0.0500 

0.0400 

0.1400 

0.6000 

0 

3400 

0.1600 

0.1200 

0.0700 

0.0500 

0.0900 

0.0200 

0.0200 

0.0500 

0.0200 

0.1700 

0.5200 

II 

3300 

0.1500 

0.1200 

0.0700 

0.0400 

0.0900 

0.0200 

0.0200 

0.0500 

0.0200 

0.2300 

0.7100 

II 

3200 

0.1500 

0.1200 

0.0700 

0.0200 

0.0900 

0.0200 

0.0200 

0.0500 

0.0200 

0.3900 

1.0900 

(1 

2900 

0.1400 

0.1200 

0.0700 

0.  0200 

0.0900 

0.0200 

0.0400 

0.0500 

0.0200 

0.4500 

1.0900 

0 

2900 

0.1400 

0.1200 

0.0700 

0.0200 

0.0900 

0.0200 

0.0500 

0.0500 

0.0200 

0.4200 

1.0000 

0 

2900 

0.1300 

0.1200 

0.0700 

0.0200 

0.0900 

0.0200 

0.0500 

0.0500 

0.0400 

0.3700 

0.9200 

0 

2900 

0.1300 

0.1200 

0.0700 

0.0200 

0.1200 

0.0200 

0.0500 

0.0500 

0.0500 

0.3900 

0.8800 

II 

2900 

0.1200 

0.1200 

0.0700 

0.  0200 

0.1400 

0.0200 

0.0500 

0.0500 

0.0500 

0.4000 

0.8500 

II 

2900 

0.1200 

0.1200 

0.0700 

0.0200 

0.1400 

0.0200 

0.0500 



0.0500 

0.4200 

0.7900 

0 

2900 

0.1100 

0.1200 

0.0600 

0.0200 

0.1400 

0.0200 

0.0500 



0.0639 

0.4400 

0.7100 

0 

2700 

0.1100 

0.1200 

0.0600 

0.0200 



0.0400 

0.0500 



0.0900 



0.6800 



0.1000 

0.1200 



0.0448 

0.0693 

0.0498 

0.0358 

0.0230 

0.0462 

0.1900 

0.9500 

0 

6800 

0.1800 

0.1100 

0.0800 

0.240 

0.359 

0.267 

0.192 

0.242 

0.247 

0.965 

5.071 

3 

533 

0.949 

0.604 

0.428 

Average   annual    rate:      0.2049   cfs 

Total   annual    yield:      13.096   area    inches 

Peak    flow: 


RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194 1-SEPTEMBER  1942. 


1 

0.0600 

0.0700 

0.0700 

0.0700 

0.0500 

0.0300 

0.0500 

0.2000 

2.9100 

0.5300 

0.1000 

0.0800 

2 

0.0600 

0.2000 

0.0700 

0.0700 

0.0500 

0.0300 

0.0500 

0.2000 

3.6800 

0.5100 

0.1000 

0.0800 

3 

0.0600 

0.1000 

0.0700 

0.0700 

0.0500 

0.0300 

0.0500 

0.2000 

3.9500 

0.4800 

0.0900 

0.0800 

4 

0.0600 

0.0900 

0.0700 

0.0700 

0.0500 

0.0300 

0.1000 

0.2000 

4.2200 

0.4600 

0.0800 

0.0800 

5 

0.0600 

0.0900 

0.0700 

0.0700 

0.0500 

0.0300 

0.2000 

0.2000 

4.5700 

0.4500 

0.0800 

0.0800 

6 

0.0500 

0.0900 

0.0700 

0.0700 

0.0500 

0.0300 

0.1400 

0.2900 

5.0700 

0.4300 

0.0800 

0.0800 

7 

0.0500 

0.0900 

0.0700 

0.0700 

0.0400 

0.0300 

0.1400 

0.4600 

5.0700 

0.4200 

0.0800 

0.0800 

8 

0.0500 

0.0800 

0.0700 

0.0700 

0.0400 

0.0300 

0.1400 

0.6200 

4.8500 

0.4200 

0.0800 

0.0800 

9 

0.0500 

0.0800 

0.0700 

0.0700 

0.0400 

0.0300 

0.2000 

0.8500 

4.5800 

0.4000 

0.0800 

0.0800 

10 

0.0500 

0.0800 

0.0700 

0.0700 

0.0400 

0.0300 

0.4300 

0.9600 

4.4300 

0.3800 

0.0800 

0.0800 

11 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.4600 

0.9200 

4.1600 

0.3700 

0.1000 

0.0800 

12 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.5700 

0.7500 

3.6100 

0.3600 

0.0800 

0.1100 

13 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.7100 

0.6500 

3.0300 

0.3600 

0.0800 

0.1000 

14 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.8500 

0.6000 

2.7300 

0.3500 

0.0800 

0.0800 

15 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

1.0000 

0.6200 

2.5500 

0.3300 

0.0800 

0.0800 

16 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.9600 

0.6500 

2.3200 

0.0330 

0.0800 

0.0700 

17 

0.0600 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.9400 

0.6500 

2.0900 

0.3300 

0.0800 

0.0700 

18 

0.0700 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.7500 

0.6800 

1.8800 

0.3200 

0.0800 

0.0700 

19 

0.0800 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.6000 

0.8500 

1.5200 

0.3200 

0.0800 

0.0700 

20 

0.0800 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.6200 

1.1400 

1.1400 

0.3100 

0.0800 

0.0700 

21 

0.0800 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

0.9600 

1.7700 

0.9600 

0.2900 

0.0800 

0.0700 

22 

0.0800 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

1.2300 

2.8500 

0.9200 

0.2200 

0.0800 

0.0700 

23 

0.0800 

0.0700 

0.0700 

0.0700 

0.0300 

0.0300 

1.1400 

4.0800 

0.8500 

0.2200 

0.0800 

0.0700 

24 

0.0800 

0.0700 

0.0700 

0.0700 

.0300 

0.0300 

0.8500 

5.0000 

0.7100 

0.2000 

0.0800 

0.0700 

25 

0.0800 

0.0700 

0.0700 

0.0600 

O.0300 

0.0300 

0.6600 

5.0700 

0.5700 

0.2000 

0.0900 

0.0700 

26 

0.0700 

0.0700 

0.0700 

0.0600 

0.0300 

0.0300 

0.6400 

5.3700 

0.6000 

0.2000 

0.0900 

0.0700 

27 

0.0700 

0.0700 

0.0700 

0.0600 

0.0300 

0.0300 

0.4800 

4.2200 

0.6200 

0.1400 

0.0900 

0.0700 

28 

0.0700 

0.0700 

0.0700 

0.0600 

0.0300 

0.0300 

0.2900 

3.4100 

0.6400 

0.1400 

0.0900 

0.0700 

29 

0.0700 

0.0700 

0.0700 

0.0600 



0.0300 

0.2500 

2.9700 

0.6300 

0.1000 

0.0800 

0.0700 

30 

0.0700 

0.0700 

0.0700 

0.0600 



0.0300 

0.2000 

2.4900 

0.6000 

0.1000 

0.0800 

0.0700 

31 

0.0700 



0.0700 

0.0600 



0.0300 



2.3800 



0.1000 

0.0800 



Avera 

ge  rate,  cfs 

0.0600 

0.0800 

0.0700 

0.0700 

0.0400 

0.0300 

0.5200 

1.6500 

2.5200 

0.3100 

0.0840 

0.0800 

Total 

yield,  inches   0.349 

0.409 

0.375 

0.362 

0.173 

0.161 

2.703 

8.854 

13.024 

1.686 

0.447 

0.397 

Average  annual  rate:   0.4600  cfs 

Total  annual  yield:   28.940  area  inches 

Peak  flow: 


97 


RICE   CREEK    DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1942    -    SEPTEMBER    1943. 


1 

0.0700 

0.1000 

2 

0.0700 

0.1000 

3 

0.0700 

0.1000 

4 

0.0700 

0.1000 

5 

0.0700 

0.1000 

6 

0.0638 

0.1200 

7 

0.0600 

0.1799 

8 

0.0600 

0.2523 

9 

0.0600 

LO 

0.0600 

11 

0.2866 

U 

0.0744 

13 

0.0700 

L4 

0.0700 

1  ■ 

0.0700 

1.6 

0.0700 

17 

0.0700 

18 

0.1683 

19 

0.2382 

20 

0.1799 

-'1 

0.0700 

22 

0.0700 

23 

0.0700 

24 

0.0700 

25 

0.0700 

26 

0.0806 

27 

0.0806 

28 

0.1000 

29 

0.1000 

30 

0.1455 

31 

0.1691 

Average  rate 

cfs 

0.0962 



Tot 

al  yield 

Inches 

0.5148 



Average  annual   rate: 
Total   annual   yield: 
Peak    flow: 


1 

2 
3 

'. 
5 

'. 
7 

•I 

111 

11 

12 

1  I 
r. 
r. 

i. 

17 
L8 
l'i 
20 

21 
22 

."'  < 
Ik 
25 

26 
27 
2.8 

:-' 

10 

11 


Average  rate 

cfs  0.0849 

Total   yield 

inches  0.4545 

Average  annual   rate: 
Total   annual    yield- 
Peak    flow: 


0.0737 

0.2199 

0.2699 

1.9994 

1.0289 

0.3499 

0.0700 

0.0800 

0.2199 

0.3303 

2.3540 

0.9418 

0.3399 

0-0700 

0.0800 

0.2199 

0.4265 

2.4093 

0.9397 

0.3249 

0.0700 

0.0800 

0.2199 

0.4399 

2.4189 

0.9997 

0.3199 

0.0700 

0.0204 

0.0800 

0.2199 

0.4399 

2.2893 

1.0247 

0.2728 

0.0700 

0.0600 

0.0800 

0.2199 

0.4394 

1.9594 

0.9897 

0.2499 

0.0700 

0.0600 

0.0800 

0.2199 

0.4998 

1.6395 

1.1197 

0.2299 

0.0700 

0.0600 

0.0800 

0.2199 

0.4643 

1.3696 

1.1397 

0.1999 

0.0700 

0.0600 

0.0800 

0.2199 

0.4599 

1.1397 

1.0397 

0.1999 

0.0700 

0.0600 

0.0800 

0.2199 

0.4099 

1.0440 

0.9897 

0.1999 

0.0700 

0.0600 

0.0800 

0.2199 

0.3999 

0.9597 

0.8897 

0.1999 

0.0700 

0.0600 

0.0800 

0.2199 

0.3999 

0.9197 

0.7798 

0.1999 

0.0700 

0.0600 

0.0800 

0.2199 

0.3999 

0.9656 

0.7310 

0.2325 

0.0700 

0.0600 

0.0800 

0.2199 

0.5419 

1.0364 

0.7095 

0.2499 

0.0700 

0.0600 

0.0800 

0.2199 

0.7376 

1.0197 

0.7215 

0.2499 

0.0700 

0.0600 

0.0800 

0.2199 

0.8181 

0.9597 

0.6098 

0.2199 

0.0700 

0.0600 

0.0800 

0.2199 

0.8972 

0.8560 

0.5898 

0.1999 

0 

1200 

0.0800 

0.0600 

0.0800 

0.2199 

0.8935 

0.7298 

0.5398 

0.1699 

0 

1699 

0.0800 

0.0600 

0.0900 

0.2199 

0.9004 

0.6898 

0.5198 

0.1400 

0 

1000 

0.0800 

0.0600 

0.1000 

0.2199 

1.0166 

0.7198 

0.5098 

0.1400 

0 

1000 

0.0800 

0.0600 

0.1100 

0.2199 

0.9201 

0.7597 

0.4853 

0.0501 

0 

1000 

0.0900 

0.0600 

0.1300 

0.2199 

1.2096 

0.9635 

0.4699 

0 

1000 

0.0900 

0.0600 

0.1398 

0.2299 

1.4836 

1.2417 

0.4599 

0 

1000 

0.0800 

0.0600 

0.1500 

0.2299 

1.8653 

1.3196 

0.4399 

0 

0841 

0.0800 

0.0600 

0.1699 

0.2299 

1.9011 

1.3896 

0.4299 

0 

0800 

0.0800 

0.0600 

0.1899 

0.2499 

1.5945 

1.3046 

0.4099 

0 

0800 

0.0800 

0.0600 

0.2099 

0.2499 

1.3196 

1.2030 

0.3499 

0 

0800 

0.0800 

0.0600 

0.2199 

0.2499 

1.2696 

1.0672 

0.3899 

0 

0700 

0.0800 

0.0600 



0.2599 

1.2834 

0.9955 

0.3799 

0 

0700 

0.0800 

0.0600 



0.2599 

1.5433 

0.8797 

0.3599 

0 

0700 

0.0800 

0.0600 

--- 

0.2653 

... 

0.9374 



0 

0415 

— - 

0.1051 

0.2278 

0.8525 

1.2755 

0.7009 

— - 

0.0751 



0.5080 

1.2191 

4.4143 

6.8248 

3.6295 





0.3891 

RICE  CREEK   DISCHARGE,    CUBIC   FEET   PER    SECOND,    OCTOBER    1943    -    SEPTEMBER    1944- 
NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


0.0799 

0 

0849 

0.0799 

0 

0700 

0.0799 

0 

0700 

0.0799 

0 

0849 

0.0799 

0 

1200 

0.0799 

0 

1444 

0.0700 

1 

1700 

0.0599 

II 

0200 

0.0599 

0 

0200 

0.0599 

0 

2000 

0.1000 

0 

1700 

0.1200 

0 

0901 

0.0849 

0 

0700 

0.0700 

1) 

0700 

0.0700 

0 

0700 

0.0700 

0 

0700 

0.0700 

0 

0700 

0.0769 

0 

0700 

0.1670 

0 

0700 

0.1599 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.0849 

0.1000 

0. 1200 

0.1200 

0.4999 

3.0090 

0.3499 

0.1900 

0.0849 

0.5098 

3.8690 

0.3398 

0.1700 

0.0849 

0.4898 

4.8485 

0.3398 

0.1401 

0.0849 

0.4898 

4.5488 

0.3398 

0.1401 

0.0830 

0.7098 

3.3611 

0.3398 

0.1299 

0.0799 

1.1196 

2.7291 

0.3398 

0.1200 

0.0830 

1.4895 

2.4393 

0.3398 

0.1200 

0.0849 

1.6916 

2.2014 

0.3398 

0.1099 

0.0849 

1.8494 

1.9793 

0.3398 

0.1000 

0.0849 

2.0595 

1.7194 

0.3299 

0.0901 

0.0849 

2.1515 

1.4395 

0.3200 

0.0700 

0.0870 

2.1795 

1.2497 

0.3200 

0.0700 

0.0901 

2.2894 

1.1099 

0.3200 

0.0599 

0.0901 

2.5193 

0.9696 

0.3098 

0.0599 

0.0901 

2.8491 

0.8397 

0.3098 

0.0599 

0.0950 

3.0892 

0,7397 

0.3098 

0.0599 

0.1000 

2.9692 

0.6499 

0.3098 

0.0599 

0.1000 

2.4992 

0.5798 

0.2999 

0.0599 

0.1099 

1.9595 

0.5199 

0.2900 

0.0599 

0.1200 

1.6095 

0.4898 

0.2900 

0.0599 

0.1200 

1.5096 

0.4699 

0.2900 

0.0599 

0.1099 

0 

2000 

1.6994 

0.4499 

0.2900 

0.0599 

0.1000 

0 

2000 

2.0993 

0.4299 

0.2900 

0.0599 

0. 1000 

0 

2000 

2.2314 

0.4098 

0.2799 

0.0599 

0.1000 

0 

2000 

2.0095 

0.3950 

0.2700 

0.0599 

0.1000 

(i 

2000 

1.7994 

0.4098 

0.2599 

0.0599 

0.0901 

0 

2249 

1.7994 

0.4098 

0.2499 

0.0599 

0.0799 

0 

2799 

1.9795 

0.3799 

0.2299 

0.0599 

0.0799 

0 

3598 

2.2693 

0.3598 

0.2000 

0.0750 

0.0799 

0 

4398 

2.5292 

0.3598 

0.2000 

0.0901 

0.0799 

- 

•- 

2.6393 



0.2000 

0.0870 



- 

— 

0.1858 

1.4455 

0.2980 

0.0858 

0.0921 

- 



0.9940 

7.4850 

1.5943 

0.4592 

0.4767 

98 


RICE  CREEK    DISCHARGE,    CUBIC    FEET   PER    SECOND,    OCTOBER    1944    -    SEPTEMBER    1945 


DAY 


1 

0.0820 

0.1200 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

7.7200 

1.6950 

0.3900 

0.1200 

0.0680 

2 

0.0820 

0.0850 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

1.7700 

1.6700 

0.3600 

0.1000 

0.0680 

3 

0.0820 

0.0850 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

1.8800 

1.6700 

0.3500 

0.1000 

0.0680 

4 

0.0820 

0.0850 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

2.1800 

1.6450 

0.3300 

0.0850 

0.0680 

5 

0.0820 

0.2900 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

2.4300 

2.1500 

0.3050 

0.0700 

0.0680 

6 

0.0820 

0.1000 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

2.7900 

4.8500 

0.2700 

0.0700 

0.0680 

7 

0.0820 

0.0850 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.1000 

4.6400 

0.2500 

0.0700 

0.0680 

8 

0.0820 

0.0700 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.1000 

3.5400 

0.2250 

0.0700 

0.0680 

9 

0.0820 

0.1400 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.1000 

2.9700 

0.2000 

0.0500 

0.0680 

10 

0.0820 

0.2900 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.2200 

2.6100 

0.2000 

0.1000 

0.0680 

11 

0.0820 

0.2900 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.3500 

2.2600 

0.2000 

0.0700 

0.0680 

12 

0.0820 

0.2900 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.4100 

2.1500 

0.2000 

0.1000 

0.0680 

13 

0.0820 

0.3200 

0.2000 

0.2000 

0.2000 

0.2000 

0.2500 

3.6100 

1.9300 

0.1400 

0.0700 

0.0680 

14 

0.0820 

0.3050 

0.2000 

0.2000 

0.2000 

0.2000 

0.2900 

3.4100 

1.6700 

0.1000 

0.0600 

0.0680 

L5 

0.0820 

0.3050 

0.2000 

0.2000 

0.2000 

0.2500 

0.3200 

2.5500 

1.5200 

0.1000 

0.0580 

0.0680 

16 

0.0820 

0.3050 

0.2000 

0.2000 

0.2000 

0.2500 

0.3600 

1.9800 

1.3200 

0.1000 

0.0580 

0.0680 

17 

0.0820 

0.3600 

0.2000 

0.2000 

0.2000 

0.2500 

0.4000 

2.0100 

1.1400 

0.0850 

0.0580 

0.0700 

18 

0.0820 

0.4350 

0.2000 

0.2000 

0.2000 

0.2500 

0.4300 

2.2600 

1.0000 

0.0850 

0.0580 

0.0700 

19 

0.0820 

0.4600 

0.2000 

0.2000 

0.2000 

0.2500 

0.4800 

2.2100 

0.8800 

0.0850 

0.3200 

0.0700 

20 

0.0820 

0.4400 

0.2000 

0.2000 

0.2000 

0.2500 

0.5200 

1.9300 

0.7500 

0.0850 

0.1200 

0.0700 

21 

0.0820 

0.4300 

0.2000 

0.2000 

0.2000 

0.2500 

0.6000 

1.5200 

0.6800 

0.0970 

0.0580 

0.0700 

22 

0.0820 

0.4200 

0.2000 

0.2000 

0.2000 

0.2500 

0.6800 

1.2700 

0.6200 

0.0970 

0.0580 

0.0700 

23 

0.0820 

0.4000 

0.2000 

0.2000 

0.2000 

0.2500 

0.8300 

1.2500 

0.5850 

0.0970 

0.0580 

0.0700 

24 

0.0820 

0.3600 

0.2000 

0.2000 

0.2000 

0.2500 

0.9600 

1.5950 

0.5200 

0.0970 

0.0600 

0.0700 

25 

0.0820 

0.3400 

0.2000 

0.2000 

0.2000 

0.2500 

1.0900 

2.0900 

0.4600 

0.1000 

0.0680 

0.0600 

26 

0.0820 

0.3200 

0.2000 

0.2000 

0.2000 

0.2500 

1.2300 

2.3800 

0.4500 

0.1000 

0.0680 

0.0580 

27 

0.0820 

0.2900 

0.2000 

0.2000 

0.2000 

0.2500 

1.3200 

2.2350 

0.4350 

0.1160 

0.0680 

0.0580 

28 

0.0820 

0.2500 

0.2000 

0.2000 

0.2000 

0.2500 

1.5000 

2.3200 

0.4200 

0.1400 

0.0680 

0.0580 

29 

0.0850 

0.2000 

0.2000 

0.2000 



0.2500 

1.5700 

2.3500 

0.4100 

0.1400 

0.0680 

0.0580 

30 

0.0850 

0.2000 

0.2000 

0.2000 



0.2500 

1.6700 

2.2100 

0.3950 

0.1200 

0.0680 

0.0580 

31 

0.1000 

... 

0.2000 

0.2000 

... 

0.2500 

... 

1.9800 

--- 

0.1200 

0.0680 

... 

Average  rate 

cfs 

0.0828 

0.2690 

0.2000 

0.2000 

0.2000 

0.2274 

0.5883 

2.3616 

1.5678 

0.1705 

0.0812 

0.0666 

Total  yield 

inches 

0.4429 

1.3929 

1.0701 

0.0701 

0.9666 

1.2168 

3.0205 

12.6361 

8.1183 

0.9120 

0.4344 

0.3448 

Average  annual   rate:      0.5009   cfs 
Total   annual   yield:       31.6255    inches 


RICE   CREEK    DISCHARGE,    CUBIC   FEET    PER    SECOND,    OCTOBER    1945    -    SEPTEMBER   1946 


OCT 


1 

0.0580 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.3020 

2.4900 

1.6450 

0.3750 

0.2780 

0.1320 

2 

0.0580 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.2620 

1.9800 

1.6700 

0.3720 

0.2620 

0.1000 

3 

0.0580 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2000 

1.9050 

1.8300 

0.3720 

0.2500 

0.0850 

4 

0.0580 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.2500 

2.1500 

1.9050 

0.3750 

0.2100 

0.0730 

5 

0.0580 

0.0850 

0.1000 

0.1000 

0.1000 

0.1000 

0.3050 

2.4900 

1.8000 

0.3750 

0.2250 

0.0730 

6 

0.0580 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3300 

2.9400 

1.6200 

0.3660 

0.2200 

0.0730 

7 

0.0580 

0.0850 

0.1000 

0.1000 

0.1000 

0.1000 

0.3300 

2.7300 

1.3450 

0.3600 

0.2150 

0.0730 

8 

0.0580 

0.0850 

0.1000 

0.1000 

0.1000 

0.1000 

0.3810 

2.5980 

1.1400 

0.3600 

0.2150 

0.0730 

9 

0.0580 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4180 

2.5200 

0.9400 

0.3500 

0.2050 

0.0730 

10 

0.0580 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4410 

2.0650 

0.8200 

0.3460 

0.2050 

0.0660 

11 

0.0620 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4660 

1.7200 

0.7100 

0.3460 

0.2000 

0.0700 

12 

0.0580 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5100 

1.4200 

0.6350 

0.3460 

0.2000 

0.0700 

13 

0.0500 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5610 

1.1800 

0.5700 

0.3400 

0.1700 

0.0700 

14 

0.0500 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6180 

1.1400 

0.4800 

0.3340 

0.1000 

0.0700 

15 

0.0250 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.8500 

1.0900 

0.4600 

0.3300 

0.1000 

0.0700 

16 

0.0400 

0.1000 

0.1000 

0.1000 

0,.  1000 

0.1000 

1.1400 

1.1600 

0.4420 

0.3380 

0.1000 

0.0850 

17 

0.0380 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.3950 

1.3450 

0.4380 

0.3380 

0.1000 

0.0970 

18 

0.0380 

0.1000 

0.1000 

0.1000 

0.1000 

0.1080 

1.9300 

1.6200 

0.4900 

0.3380 

0.1000 

0.1000 

19 

0.0400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1120 

2.1500 

1.7200 

0.4060 

0.3380 

0.0850 

0.1000 

20 

0.0500 

0.1000 

0.1000 

0.1000 

0.1000 

0.1200 

2.3200 

1.6200 

0.4020 

0.3200 

0.0850 

0.0850 

21 

0.0600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1280 

2.3200 

1.5700 

0.4000 

0.3200 

0.0850 

0.0790 

22 

0.0600 

0.1000 

0.1000 

0.1000 

0.1000 

0.1360 

1.9800 

1.5350 

0.4000 

0.3200 

0.1000 

0.0700 

23 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1460 

1.9050 

1.3700 

0.4000 

0.3020 

0.1400 

0.0700 

24 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1700 

2.0900 

1.1400 

0.4040 

0.3050 

0.1320 

0.0700 

25 

0.0850 

0.1000 

0.1000 

0.1000 

0.1000 

0.1880 

2.4050 

0.9600 

0.3900 

0.3050 

0.1320 

0.0700 

26 

0.0820 

0.1000 

0.1000 

0.1000 

0.1000 

0.2150 

2.8500 

0.8500 

0.3900 

0.3050 

0.1320 

0.07Q0 

27 

0.0820 

0.1000 

0.1000 

0.1000 

0.1000 

0.2200 

3.3500 

0.8200 

0.3900 

0.3020 

0.1320 

0.0700 

28 

0.0820 

0.1000 

0.1000 

0.1000 

0.1000 

0.2700 

3.3800 

1.2950 

0.3900 

0.2900 

0.1320 

0.0700 

29 

0.0820 

0.1000 

0.1000 

0.1000 

— 

0.3300 

3.2200 

1.4200 

0.3750 

0.2900 

0.1320 

0.0700 

30 

0.0820 

0.1000 

0.1000 

0.1000 

... 

0.3300 

3.0650 

1.4200 

0.3750 

0.2700 

0.1320 

0.0700 

31 

0.0850 

... 

0.1000 

0.1000 

... 

0.3200 

... 

1.5000 

--- 

0.2900 

0.1000 



Average  rate 

cfs 

0.0613 

0.0955 

0.1000 

0.1000 

0.1000 

0.1449 

1.3908 

1.6698 

0.7887 

0.3315 

0.1572 

0.0782 

Total  yield 

inches 

0.3281 

0.4945 

0.5351 

0.5351 

0.4833 

0.7755 

7.2016 

8.9343 

4.0841 

1.7740 

0.8413 

0.4051 

Average  annual   rate        0.4182    cfs 
Total   annual   yield:       26.392      inches 


99 


RICE   CREEK  DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1946-SEPTEMBER    1947. 


1 

0.2900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.8300 

1.0000 

0.1700 

0.1200 

0.0600 

2 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

2.2600 

0.9200 

0.1400 

0.1200 

0.0600 

3 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

2.9100 

0.8500 

0.1400 

0.1200 

0.0600 

4 

0.0900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

3.3500 

0.7100 

0.1400 

0.1400 

0.0600 

5 

0.0900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

3.5400 

0.6500 

0.1400 

0.1200 

0.0500 

6 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

3.6800 

0.6200 

0.1400 

0.1200 

0.0500 

7 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

3.8800 

0.5800 

0.1400 

0.1000 

0.0500 

8 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

3.6800 

0.5400 

0.1400 

0.0900 

0.0500 

'< 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

3.1600 

0.5500 

0.1600 

0.0900 

0.0500 

id 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1700 

2.9100 

0.4800 

0.1600 

0.2000 

0.0500 

11 

0.1200 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2400 

2.4900 

0.5000 

0.1600 

0.0700 

0.0500 

L2 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3100 

2.2600 

0.5700 

0.1600 

0.0600 

0.0500 

1  ( 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3900 

2.7300 

0.5700 

0.1400 

0.0600 

0.0500 

14 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4600 

3.0300 

0.5700 

0.1400 

0.0600 

0.0500 

1  5 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5300 

2.9100 

0.5700 

0.1400 

0.0600 

0.0500 

16 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6200 

2.8500 

0.5800 

0.1200 

0.0600 

0.0500 

i ; 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6500 

2.7300 

0.5800 

0.1000 

0.0600 

0.0500 

I  8 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6400 

2.7900 

0.5400 

0.1400 

0.0600 

0.0500 

19 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5900 

2.8500 

0.4800 

0.1200 

0.0600 

0.0500 

20 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6500 

2.8500 

0.5000 

0.1000 

0.0600 

0.0500 

21 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.8500 

2.8500 

0.4600 

0.1000 

0.0600 

0.0500 

:2 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6800 

2.7900 

0.4400 

0.1200 

0.0600 

0.0500 

23 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5400 

2.4900 

0.4200 

0.1200 

0.0600 

0.0500 

24 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5000 

2.1700 

0.4000 

0.1200 

0.0600 

0.0500 

25 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5300 

2.0600 

0.3200 

0.1200 

0.0600 

0.0500 

26 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6500 

2.0400 

0.2200 

0.1000 

0.0600 

0.0500 

27 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.7900 

1.9800 

0.2200 

0.1000 

0.0600 

0.0500 

28 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.7900 

1.7200 

0.2200 

0.0900 

0.0600 

0.0500 

."i 

0.1000 

0.1000 

0.1000 

0.1000 



0.1000 

0.9400 

1.4200 

0.2000 

0.0900 

0.0600 

0.0500 

SO 

0.1000 

0.1000 

0.1000 

0.1000 



0.1000 

1. 3700 

1.2300 

0.2000 

0.0900 

0.0600 

0.0500 

il 

0.1000 



0.1000 

0.1000 



0.1000 



1.1400 



0.0900 

0.0600 



Avera 

>e  rate,  cfs 

0.1100 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4600 

2.6000 

0.5100 

0.1300 

0.0800 

0.0500 

Total 

yield,  inches 

0.580 

0.520 

ii.  v,n 

0.540 

0.480 

0.540 

2.380 

13.910 

2.670 

0.680 

0.430 

0.270 

Average   annual    rate:      0.3700  cfs 

Total   annual    yield:      23.540  area    inches 

Peak    flow: 


RICE   CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1948-SEPTEMBER    1949. 


DAY 


JUNE 


I  I 
i 

13 
14 

I  ri 

L6 

1  / 
18 
19 

20 

21 
22 
.■  I 
24 

26 

.'7 
'.-I 

29 
10 

31 


We  rag>     rate, 

l 


0.0800 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.2300 

0.0800 

0.1200 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.3700 

0.0800 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.9300 

0.0800 

0.1700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

2.2600 

0.0800 

0.1400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.8800 

0.0900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.5000 

0.0900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.2300 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.2500 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.6200 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

2.1800 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1800 

2.6700 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.2600 

2.8200 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.3400 

3.2500 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.4200 

3.8800 

0.3100 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5000 

4.0100 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.5800 

3.5400 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.6700 

4.8900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.7600 

5.3000 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.8800 

4.9300 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.5000 

4.4900 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.1400 

4.1600 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

1. 1  noii 

1.1400 

3.8800 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.4200 

3.4800 

0.0800 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.8300 

3.6100 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1 . 9800 

3.5400 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.8300 

3.7400 

0.0700 

11.  IIMIU 

0. LO00 

0.1000 

0.1000 

0.1000 

1.8300 

3.7400 

0.0700 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

1.9800 

3.5400 

0.0700 

0.1000 

0.1000 

0.1000 



0.1000 

2.0000 

3.3500 

0.0700 

0.1000 

0.1000 

0.1000 



0.1000 

1.6200 

2.9300 

0.0700 



0.1000 

0.1000 



0.1000 

— 

2.5500 

0.0900 

0.1000 

0.1000 

0.1000 

0.1000 

0.1000 

0.8000 

3.0600 

0.470 

0.540 

0.540 

0.540 

0.480 

0.540 

4.120 

16.350 

.'.  1KI.KI 

1.8800 
1.6700 

1.5700 
1.5200 

1.5000 


annua i    rate: 

Total    annual    yield: 
Peak   flow: 


100 


RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 955-SEPTEMBER  1956. 


APR 


'lA'i 


JUNE 


1 
2 
3 
4 

5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 

18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.2000  0.8500  1.4200 

0.2000  0.9200  1.2300 

0.2000  1.1800  1.0000 

0.2000  1.6200  0.9400 

0.2250  1.8300  0.8800 

0.2000  1.8550  0.7500 

0.2000  1.8300  0.6800 

0.2000  1.7700  0.6200 

0.2000  1.7200  0.5700 

0.2500  1.6200  0.5000 

0.3050  1.4200  0.4600 

0.3500  1.1800  0.4400 

0.3600  1.0000  0.4200 

0.3600  0.8500  0.4000 

0.3600  0.8500  0.4000 

0.4  300  1.0000  0.3400 

0.5700  1.1400  0.3200 

0.6800  1.3700  0.3050 

0.7500  1.7700  0.2900 

0.9600  2.4900  0.2900 

1.1600  2.7900  0.2900 

1.2300  2.9700  0.2500 

1.2700  3.1000  0.2500 

1.2700  3.2200  0.2500 

1.2700  3.2200  0.2500 


1.3950 
1.5000 
1.2700 
1.0500 
0.8650 


3.0300 
2.7  300 
2.4  300 
2.0100 
1.7700 
1.6700 


0.2500 
0.2500 
0.2250 
0.2000 
0.2000 


0.6490   1.8450   0.4890 
3.362   9.874    2.532 


0 

2000 

0.0850 

0.1000 

II 

1400 

0.0850 

0.1000 

u 

1400 

0.0850 

0.1000 

0 

1400 

0.0850 

0.1000 

0 

1400 

0.0850 

0.1000 

0 

1400 

0.0850 

0.1000 

II 

1400 

0.0850 

0 . 1 000 

0 

1400 

0.0850 

0.1000 

0.0850 

0.1000 

0.0850 

0.1000 

0.0850 

0.1000 

0.0850 

0.1000 

0.0850 

0.1000 

0.0850 

0.1000 

0.0850 

0.1000 

0.0870 

0.1000 

0.0890 

0.1000 

0.0910 

0.1000 

0.0930 

0.1000 

0.0940 

0.0960 

0.0960 

0.0910 

0.0980 

0.0870 

0.1000 

0.0830 

0.1000 

0.0790 

0.1000 

0.0740 

0.1000 

0.0700 

0.1000 

0.0700 

0.1000 

0.0700 

0.1000 

0.0700 

0.1000 

0.0700 

0.1000 



0.0910 

0.0920 

0.487 

0.476 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1956-SEPTEMBER  1957. 


1 

0.0700 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1400 

0.4500 

4.0800 

0.4800 

0.0700 

0.0850 

2 

0.0700 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1200 

0.6500 

4.2200 

0.4500 

0.0700 

0.0850 

3 

0.0850 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1200 

0.7500 

4.7100 

0.4300 

0.0700 

0.0850 

4 

0.0850 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1200 

0.9200 

5.0000 

0.4200 

0.0700 

0.0850 

5 

0.0850 

0.0700 

0.1000 

0.0700 

0.   )700 

0.0700 

0.1200 

1.1800 

5.2200 

0.4000 

0.0700 

0.0700 

6 

0.0850 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1400 

1.5200 

5.2200 

0.3900 

0.0700 

0.0740 

7 

0.0850 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1400 

1.9300 

4.8150 

0.3600 

0.0700 

0.0790 

8 

0.0850 

0.0730 

0.1000 

0.0700 

0.0700 

0.0700 

0.1400 

2.0400 

4.1600 

0.3200 

0.0700 

0.0830 

9 

0.0850 

0.0770 

0.1000 

0.0700 

0.0700 

0.0700 

0.1400 

1.9550 

3.7400 

0.2900 

0.0700 

0.0870 

10 

0.0850 

0.0800 

0.1000 

0.0700 

0.0700 

0.1400 

1.9300 

3.7400 

0.2900 

0.0700 

0.0910 

11 

0.0850 

0.0830 

0.1000 

0.0700 

0.0700 

0.0700 

0.1520 

1.6700 

3.1600 

0.2900 

0.0850 

0.0960 

12 

0.1000 

0.0870 

0.0700 

0.0700 

0.0700 

0.0700 

0.1700 

1.3700 

2.6700 

0.2000 

0.0700 

0.1000 

13 

0.1000 

0.0900 

0.0700 

0.0700 

0.0700 

0.0700 

0.1880 

1.5000 

2.4900 

0.1700 

0.0700 

0.0960 

14 

0.1000 

0.0930 

0.0700 

0.0700 

0.0700 

0.0700 

0.2000 

1.9300 

2.1200 

0.1200 

0.0700 

0.0910 

15 

0.1000 

0.0970 

0.0700 

0.0700 

0.0700 

0.0700 

0.2350 

1.7700 

1.8300 

0.1200 

0.0700 

0.0870 

16 

0.1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2660 

1.7200 

1.6200 

0.1200 

0.0700 

0.0830 

17 

0.1000 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.3810 

1.6700 

1.5000 

0.1200 

0.0700 

0.0790 

18 

0.0850 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.3750 

1.8800 

1.3200 

0.1000 

0.0700 

0.1000 

19 

0.0850 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.2700 

2.4900 

1.3200 

0.1000 

0.0700 

0.0700 

20 

0.0850 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1400 

2.1500 

1.3200 

0.1000 

0.0700 

0.0700 

21 

0.0850 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1400 

1.5200 

1.2700 

0.1000 

0.1000 

0.0700 

22 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1200 

1.1400 

1.1400 

0.1000 

0.0700 

0.0700 

23 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1200 

0.9600 

1.0250 

0.0850 

0.0740 

0.0700 

24 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1000 

0.9200 

0.0880 

0.0850 

0.0790 

0.0700 

25 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1000 

1.1400 

0.7900 

0.0700 

0.0830 

0.0600 

26 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1000 

1.6200 

0.  1   .Hi) 

0.0700 

0.0870 

0.0600 

27 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.0700 

0.1000 

2.0900 

0.6800 

0.0700 

0.0910 

0.0600 

28 

0.0700 

0.1000 

0.0700 

0.0700 

0.0700 

0.1000 

2.4600 

0.6350 

0.0700 

0.0960 

0.0600 

29 

0.0700 

0.1000 

0.0700 

0.0700 



0.0700 

0.1000 

2.8500 

0.6000 

0.0700 

0.1000 

0.0600 

30 

0.0700 

0.1000 

0.0700 

0.0700 



0.0700 

0.2900 

3.2200 

0.5200 

0.0700 

0.0850 

0.0600 

31 

0.0700 



0.0700 

0.0700 



0.1000 



3.6800 



0.0700 

0.0850 



Avera 

;e  rate,  cf? 

0.0830 

0.0890 

0.0810 

0.0700 

0.0700 

0.0710 

0.1660 

1.7120 

2.4180 

0.1980 

0.0760 

0.0780 

Total 

yield,  inch 

es   0.444 

0.461 

0.432 

0.374 

0.338 

0.380 

0.857 

9.161 

12.521 

1.058 

0.408 

0.403 

Average  annual  rate:   0.3735  cfs 

Total  annual  yield:   26.837  area  inches 

Peak  flow: 
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DAY 


RICE  CREEK   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1957-SEPTEMBER    1958. 


1 

2 

J 

.4 

!> 

<■ 
1 
8 

• 

in 

l  l 
12 
13 
14 

1  i 

16 

1  1 
18 

\-> 
JO 

-1 
22 

2A 
25 

-'(. 
^7 
28 
29 
30 
31 

Average    rate,    cfs 
Total   yield,    inches 


0.0600 

0.0580 

0.0700 

0.0820 

0.0820 

0.0820 

0.0940 

0.4600 

3.0650 

0.2700 

0.2250 

0.2500 

0.0600 

0.3200 

0.0700 

0.0820 

0.0820 

0.0820 

0.1060 

0.6200 

2.8500 

0.2500 

0.2000 

0.2250 

0.0600 

0.1400 

0.0700 

0.0820 

0.0820 

0.0820 

0.1190 

0.8800 

2.5500 

0.2700 

0.2000 

0.1700 

0.0600 

0.1400 

0.0700 

0.0820 

0. 0820 

0.0820 

0.1310 

1.0900 

2.2100 

0.2900 

0.2000 

0.1700 

0.0600 

0.1400 

0.0700 

0.0820 

0.0820 

0.0820 

0.1430 

1.3700 

1.9550 

0.2900 

0.2000 

0.1700 

0.0600 

0.1000 

0.0700 

0.0820 

0.0820 

0.0820 

0.1550 

1.8300 

1.8300 

0.2700 

0.1400 

0.1400 

0.0610 

0.0850 

0.0700 

0.0820 

0.0820 

0.0820 

0.1670 

1.8800 

1.7200 

0.2500 

0.1700 

0.1400 

0.0620 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.1800 

1.6200 

1.5000 

0.2500 

0.2000 

0.1400 

0.0620 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.1920 

1.6200 

1.3700 

0.2500 

0.2000 

0.1400 

0.0630 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.2040 

1.9800 

1.1400 

0.2500 

0.2000 

0.1400 

0.0640 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.2160 

2.2100 

1.0000 

0.2500 

0.2000 

0.2000 

0.0650 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.2280 

2.2100 

0.9200 

0.2250 

0.2000 

0.2000 

0.0660 

0.0700 

0.0700 

0.0320 

0.0820 

0.0820 

0.2400 

1.9300 

0.8800 

0.2250 

0.1700 

0.2250 

0.0670 

0.0700 

0.0680 

0.0820 

0.0820 

0.0820 

0.2530 

1.7700 

0.7900 

0.2000 

0.2000 

0.2250 

0.0670 

0.0700 

0.0660 

0.0820 

0.0820 

0.0820 

0.2650 

1.7700 

0.7300 

0.2000 

0.2000 

0.2250 

0.0680 

0.0700 

0.0640 

0.0820 

0.0820 

0.0820 

0.2  7  70 

2.3200 

0.6500 

0.2000 

0.2000 

0.2250 

0.  0690 

0.0700 

0.0620 

0. 0820 

0.0820 

0.0820 

0.2890 

2.9700 

0.6000 

0.2000 

0.2250 

0.2000 

0.0700 

0.0700 

0.0700 

0.0820 

0. 0820 

0.0820 

0.3010 

3.5400 

0.5400 

0.2000 

0.2000 

0.2000 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3140 

4.2200 

0.5000 

0.2000 

0.2000 

0.2000 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3260 

5.0700 

0.4800 

0.2000 

0.2000 

0.2000 

0.0700 

0.0 700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3380 

5.6700 

0.4600 

0.2000 

0.2000 

0.2000 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3500 

5.8200 

0.4450 

0.2000 

0.2000 

0.2000 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3620 

5.9000 

0.4300 

0.2000 

0.2250 

0.2000 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3750 

5.9000 

0.4200 

0.2000 

0.2000 

0.1700 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3870 

5.7500 

0.4000 

0.2000 

0.2000 

0.1700 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.3990 

5.6700 

0.3900 

0.2000 

0.2000 

0.1700 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.4110 

5.4400 

0.3400 

0.2000 

0.2000 

0.1700 

0.0700 

0.0700 

0.0820 

0.0820 

0.0820 

0.0820 

0.4230 

4.9300 

0.3300 

0.2000 

0.2500 

0.1700 

0.0700 

0.0700 

0.0820 

0.0820 



0.0820 

0.4360 

4.3900 

0.3050 

0.2000 

0.2900 

0.1700 

0.0700 

0.0700 

0.0820 

0.0820 



0.0820 

0.4480 

4.0100 

0.2900 

0.2000 

0.2900 

0.1700 

0.0700 



0.0820 

0.0820 



0.0820 



3.5100 



0.2250 

0.2700 



0.0660 

0.0870 

0.0740 

0.0820 

0.0820 

0.0820 

0.2710 

3.1730 

1.0360 

0.2250 

0.2080 

0.1860 

0.35A 

0.452 

0.398 

0.439 

0.396 

0.439 

1.403 

16.975 

5.366 

1.202 

1.114 

0.962 

Average   annual    rate:      0.4643   cfs 
Total    annual    yield:       29.50   area    inches 
Peak    flow: 


DAS 


RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1958-SEPTEMBER  1959. 


1 

0.1700 

0.1400 

2 

0.1700 

0.1400 

i 

0.1700 

0.1400 

4 

0.1700 

0.1400 

. 

0.1700 

0.1400 

>. 

0.1700 

0.1400 

7 

0.1700 

0.1400 

H 

0.1700 

0.1400 

1 

0.1700 

0.1400 

III 

0.1700 

0.1400 

1 1 

0.1700 

0.1400 

1-' 

0.1400 

0.1400 

1  1 

0.1400 

0.1400 

14 

0.1400 

0.1400 

L5 

0.1400 

0.1400 

L6 

0.1400 

0.1400 

1  1 

0.1400 

0.1400 

L8 

0.1400 

0.1400 

19 

0.1400 

0.1400 

20 

0.1400 

.'1 

0.1400 

22 

0.1400 

.'  i 

0.1400 

U 

0.1400 

25 

0.1400 

'-. 

0.1400 

27 

0.1400 

28 

0.1400 

29 

0.1400 

in 

0.1400 

(l 

0.1400 

Average  rate,  cfs 

0.1510 

Total  yield,  Inches   0.806 

1.0000 

1.1800 

0.2500 

0.1400 

0.1400 

0.9600 

1.2300 

0.2500 

0.1400 

0.1400 

0.6500 

1.3200 

0.2500 

0.1400 

0.1400 

0.5000 

1.3200 

0.2500 

0.1400 

0.1400 

0.4500 

1.3200 

0.2000 

0.1400 

0.1400 

0.4400 

1.2700 

0.2000 

0.1400 

0.1400 

0.4300 

1.1400 

0.2000 

0.1400 

0.1400 

0.4700 

1.0500 

0.2000 

0.1400 

0.1400 

0.6000 

0.9200 

0.2000 

0.1400 

0.1400 

0.7100 

0.8500 

0.2000 

0.1400 

0.1400 

0.8500 

0.7100 

0.1700 

0.1400 

0.1400 

1.0000 

0.6200 

0.1400 

0.2000 

0.1400 

ii 

3200 

1.2700 

0.5400 

0.1400 

0.2000 

0.1400 

0 

3750 

1.4200 

0.5000 

0.1400 

0.2000 

0.1400 

0 

3600 

1.3950 

0.4800 

0.1400 

0.1700 

0.2000 

II 

3400 

1.3700 

0.4600 

0.1400 

0.1400 

0.2500 

0 

3200 

1.1800 

0.4350 

0.1400 

0.1400 

0.2500 

0 

3050 

1.0500 

0.4200 

0.1400 

0.1400 

0.2500 

0 

3050 

0.9200 

0.4100 

0.1400 

0.2500 

0.2900 

0 

2500 

0.7500 

0.4000 

0.1400 

0.3050 

0.2500 

0 

1000 

0.7100 

0.3900 

0.1400 

0.2700 

0.2000 

0 

1200 

0.6350 

0.3200 

0.1400 

0.2000 

0.2000 

0 

2500 

0.6650 

0.2900 

0.1400 

0.2000 

0.2000 

0 

4100 

0.7300 

0.2900 

0.1400 

0.2000 

0.2000 

0 

4500 

0.8800 

0.2900 

0.1400 

0.1700 

0.2500 

II 

7500 

1.0500 

0.3200 

0.1400 

0.1400 

0.2000 

I) 

6500 

1.1400 

0.3200 

0.1400 

0.1400 

0.2000 

0 

5400 

1.1600 

0.3200 

0.1400 

0.1400 

0.1400 

0 

5700 

1.1800 

0.2900 

0.1400 

0.1400 

0.1200 

II 

7300 

1.1800 

0.2500 

0.1400 

0.1400 

0.1000 

— 

1.1800 



0.1400 

0.1400 



0.9010 

0.6550 

0.1670 

0.1670 

0.1750 

4.820 

3.393 

0.892 

0.8920 

0.908 

Average  annual  r.ite: 
Total  annual  yield: 

1  ow : 
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RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1959-SEPTEMBER  1960. 


1 

0.1000 

0.1200 

2 

0.1000 

0.1200 

3 

0.1000 

4 

0.1000 

5 

0.1000 

6 

0.1000 

7 

0.1200 

8 

0.1200 

9 

0.1200 

Hi 

0.1200 

11 

0.1200 

12 

0.1200 

13 

0.1200 

14 

0.1200 

15 

0.1200 

16 

0.1200 

17 

0.1200 

18 

0.1200 

19 

0.1200 

20 

0.1200 

21 

0.1200 

22 

0.1200 

23 

0.1200 

24 

0.1200 

25 

0.1200 

26 

0.1200 

27 

0.1200 

28 

0.1200 

29 

0.1200 

30 

0.1200 

31 

0.1200 

Average  rate,  cfs 

0.1160 

Total  yield,  inch 

es   0.621 

0.4000 

1.3700 

0.2000 

0.2500 

0.2000 

0.4700 

1.2500 

0.2000 

0.2500 

0.2000 

0.7500 

1.1800 

0.2000 

0.2250 

0.2500 

0.9600 

1.0000 

0.2000 

0.2000 

0.2500 

1.0500 

0.8800 

0.2000 

0.2000 

0.2000 

1.1400 

0.7500 

0.2000 

0.2000 

0.2000 

1.3200 

0.6500 

0.2000 

0.2000 

0.2000 

1.6700 

0.6000 

0.2000 

0.2000 

0.2000 

1.9300 

0.5700 

0.2000 

0.2000 

0.2000 

2.0900 

0.5200 

0.2000 

0.2000 

0.2000 

2.2600 

0.4800 

0.1700 

0.2000 

0.2000 

2.4  300 

0.4600 

0.1700 

0.2000 

0.2000 

2.5500 

0.4350 

0.1400 

0.1700 

0.2000 

2.1500 

0.4100 

0.1400 

0.1700 

0.2000 

0 

4350 

1.8300 

0.4000 

0.1400 

0.1400 

0.2000 

0 

4200 

1.7200 

0.3900 

0.1400 

0.1460 

0.2000 

0 

4000 

1.8300 

0.3400 

0.1400 

0.1580 

0.2000 

0 

3900 

1.7200 

0.3200 

0.1400 

0.1640 

0.2000 

0 

3750 

1.5000 

0.3050 

0.1460 

0.1760 

0.2000 

0 

4100 

1.2300 

0.2900 

0.1520 

0.1820 

0.2000 

0 

5000 

1.0900 

0.2900 

0.1640 

0.1940 

0.2000 

0 

8500 

0.9800 

0.2500 

0.1700 

0.2000 

0.2000 

0 

9400 

1.0000 

0.2000 

0.1760 

0.2000 

0.1700 

0 

6800 

1.0900 

0.2000 

0.1880 

0.2000 

0.1700 

0 

5000 

1.1800 

0.2000 

0.1940 

0.2000 

0.1400 

0 

4450 

1.1800 

0.2000 

0.2000 

0.2000 

0.1400 

0 

4100 

1.2500 

0.2000 

0.2000 

0.2000 

0.2000 

0 

3600 

1.3200 

0.2000 

0.2000 

0.2000 

0.2000 

0 

3200 

1.3200 

0.2000 

0.2000 

0.2000 

0.2000 

0 

3200 

1.3700 

0.2000 

0.2000 

0.2000 

0.2000 



1.4200 



0.2000 

0.2000 



1.4260 

0.4910 

0.1800 

0.1940 

0.1970 

7.629 

2.544 

0.961 

1.040 

1.022 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


DAY 


RICE  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1960-SEPTEMBER  1961. 


1 

0.2000 

2 

0.2000 

3 

0.2000 

4 

0.2000 

5 

0.2000 

6 

0.2000 

7 

0.2000 

8 

0.2000 

9 

0.2000 

10 

0.2000 

11 

0.2000 

12 

0.2000 

13 

0.2000 

14 

0.2000 

15 

0.2000 

16 

0.2000 

17 

0.2000 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Average  rate,  cfs 

Total  yield,  incl 

es 

0.2000 

0.1400 

0.2000 

0.2000 

0.1400 

0.2000 

0.2000 

0.1400 

0.2000 

0.2000 

0.1400 

0.2000 

0.2000 

0.1400 

0.2000 

0.1880 

0.1700 

0.2000 

0.1820 

0.1700 

0.2000 

0.1700 

0.1400 

0.2000 

0.1580 

0.1400 

0.2000 

0.1520 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

n.  1  '.01) 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.1400 

0.1400 

0.2000 

0.  

0.1400 

0.2000 

0 

2000 

0.1400 

0.1400 

0.2000 

0 

2000 

0.1400 

0.1400 

0.2000 

0 

2000 

0.1400 

0.1400 

0.2000 

0 

2000 

0.1400 

0.1700 

0.2000 

(J 

2000 

0.1400 

0.2000 

0.2000 

0 

2000 

0.1400 

0.2000 

0.2000 

u 

2000 

0.1400 

0.2000 

0.2000 

0 

2000 

0.1400 

0.2000 

(1 

2000 

0.1400 

0.2000 

0 

2000 

0.1400 

0.2000 

0.1400 

0.1540 
0.827 

0.2000 

0.1560 
0.837 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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Van  Fleet 

Van  Fleet  watershed  is  the  smallest  (50  acres)  of  any 
gaged  catchment  on  the  DCEW.  It  is  a  subdrainage 
wedged  between  Rice  and  Mud  Creeks,  and  as  a  result, 
does  not  extend  to  the  ridgetop  and  has  a  diamond 
shape  (fig.  12).  It  was  gaged  with  a  6-inch  flume  at  the 
7,120-foot  elevation  and  streamflow  records  were  obtain- 
ed for  16  years  from  1937  through  1959. 

Aspen  and  conifer  forests  cover  the  majority  of  this 
catchment,  with  brushland  and  open  slopes  evident  on 
the  upper,  east-facing  portion. 


8000 


7800 


VAN  FLEET  CREEK 


Figure  12.— Topographic  map  of  Van  Fleet 
Creek  watershed. 
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DAY 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average   rate,    cfs 
Total   yield,    inches 

Average  annual   rate: 
Total   annual   yield: 


VAN    FLEET   CREEK    DISCHARGE,    CUBIC    FEET   PER    SECOND,    OCTOBER    1936   -    SEPTEMBER    1937 
NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


0.1399 

0.8379 

0.0092 

0.0100 

0.0009 

0.1498 

0.7534 

0.0075 

0.0100 

0.0022 

0.1698 

0.7193 

0.0000 

0.0100 

0.0033 

0.2048 

0.6593 

0.0000 

0.0100 

0.0029 

0.2398 

0.5994 

0.0462 

0.0100 

0.0036 

0.2897 

0.5395 

0.0500 

0.0067 

0.0017 

0.3397 

0.5453 

0.0599 

0.0028 

0.0241 

0.3996 

0.5128 

0.0516 

0.0018 

0.0596 

0.4795 

0.4795 

0.0616 

0.0016 

0.0873 

0.5776 

0.4396 

0.0599 

0.0019 

0.0711 

0.4945 

0.3825 

0.0599 

0.0009 

0.0599 

0.5611 

0.3596 

0.0599 

0.0009 

0.0609 

0.6585 

0.3596 

0.0500 

0.0016 

0.0013 

0.8781 

0.3397 

0.0400 

0.0019 

li.UOOH 

0.9559 

0.3397 

0.0500 

0.0035 

0.0011 

1.0410 

0.3197 

0.0300 

0.0021 

0.002C 

1.3154 

0.2997 

0.0108 

0.0030 

0.0004 

1.5289 

0.2643 

0.0254 

0.0024 

0.0000 

1.4671 

0.2198 

0.0300 

0.0035 

0.0000 

1) 

0922 

1.3626 

0.1784 

0.0300 

0.0021 

0.0020 

1) 

1160 

1.2571 

0.1459 

0.0300 

0.0031 

0.0029 

0 

1149 

1.2213 

0.0962 

0.0300 

0.0047 

0.0103 

0 

0676 

1.2929 

0.0974 

0.0300 

0.0002 

0.0273 

0 

0662 

1.3008 

0.0737 

0.0200 

0.0000 

0.0066 

0 

0962 

1.1742 

0.0441 

0.1000 

0.0000 

0.0034 

0 

1532 

1.0442 

0.0395 

0.0100 

0.0007 

0.0030 

II 

1548 

1.0865 

0.0491 

0.0100 

0.0017 

0.0055 

0 

1544 

0.9990 

0.0533 

0.0100 

0.0018 

0.0059 

0 

1582 

0.9923 

0.0162 

0.0100 

0.0021 

0.0074 

0 

1407 

1.0677 

0.0054 

0.1000 

0.0016 

0.0047 

- 

•- 

0.9012 

... 

0.1000 

0.0006 

... 

0.8229 

0.3257 

0.0297 

0.0033 

0.0154 

12.217 

4.679 

0.441 

0.049 

0.221 

VAN   FLEET   CREEK    DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    1937 


SEPTEMBER    1938 
JUNE  JULY 


1 

0.0058 

0.0043 

0.0023 

0.0003 

0.0003 

0.0063 

0.0063 

0.3292 

0.5494 

0.1537 

0.0043 

0.0038 

2 

0.0077 

0.0023 

0.0018 

0.0003 

0.0006 

0.0062 

0.0063 

0.2997 

0.5195 

0.1189 

0.0045 

0.0038 

3 

0.0085 

0.0023 

0.0012 

0.0003 

0.0008 

0.0320 

0.0063 

0.2897 

0.5095 

0.0938 

0.0045 

0.0038 

4 

0.0072 

0.0023 

0.0008 

0.0003 

0.0012 

0.0119 

0.0057 

0.2450 

0.4995 

0.0787 

0.0044 

0.0038 

5 

0.0056 

0.0020 

0.0008 

0.0003 

0.0020 

0.0076 

0.0035 

0.2368 

0.4895 

0.0757 

0.0044 

0.0037 

6 

0.0058 

0.0027 

0.0008 

0.0003 

0.0029 

0.0068 

0.0035 

0.2102 

0.4895 

0.0637 

0.0044 

0.0037 

7 

0.0051 

0.0035 

0.0012 

0.0003 

0.0042 

0.0063 

0.0042 

0.1998 

0.4716 

0.0563 

0.0044 

0.0037 

8 

0.0051 

0.0035 

0.0017 

0.0003 

0.0059 

0.0063 

0.0042 

0.2098 

0.3929 

0.0444 

0.0044 

0.0037 

9 

0.0063 

0.0035 

0.0012 

0.0003 

0.0063 

0.0063 

0.0029 

0.3068 

0.3538 

0.0419 

0.0043 

0.0036 

10 

0.0061 

0.0035 

0.0012 

0.0003 

0.0063 

0.0063 

0.0029 

0.3513 

0.3051 

0.0417 

0.0043 

0.0036 

11 

0.0060 

0.0035 

0.0017 

0.0003 

0.0063 

0.0063 

0.0035 

0.4416 

0.2589 

0.0512 

0.0043 

0.0036 

12 

0.0065 

0.0035 

0.0012 

0.0003 

0.0063 

0.0036 

0.0045 

0.4916 

0.2144 

0.0473 

0.0043 

0.0036 

13 

0.0085 

0.0035 

0.0006 

0.0003 

0.0063 

0.0022 

0.0073 

0.6379 

0.1898 

0.0473 

0.0042 

0.0036 

14 

0.0193 

0.0035 

0.0013 

0.0003 

0.0063 

0.0049 

0.0074 

0.7159 

0.1815 

0.0473 

0.0042 

0.0036 

15 

0.0812 

0.0035 

0.0010 

0.0003 

0.0063 

0.0063 

0.0084 

0.8843 

0.1561 

0.0473 

0.0042 

0.0035 

16 

0.0433 

0.0035 

0.0006 

0.0003 

0.0063 

0.0070 

0.0199 

0.8414 

0.1465 

0.0503 

0.0042 

0.0035 

17 

0.0346 

0.0035 

0.0008 

0.0003 

0.0063 

0.0085 

0.0374 

0.8866 

0.0999 

0.0534 

0.0042 

0.0035 

18 

0.0388 

0.0035 

0.0008 

0.0003 

0.0063 

0.0085 

0.1723 

0.8138 

0.0799 

0.0565 

0.0041 

0.0035 

19 

0.0338 

0.0031 

0.0006 

0.0003 

0.006 

0.0085 

0.3274 

0.6941 

0.0799 

0.0401 

0.0041 

0.0035 

20 

0.0253 

0.0248 

0.0003 

0.0003 

0.0063 

0.0074 

0.2951 

0.6027 

0.0799 

0.0273 

0.0041 

0.0035 

21 

0.0216 

0.0419 

0.0003 

0.0003 

0.0063 

0.0063 

0.3326 

0.5894 

0.0599 

0.0287 

0.0041 

0.0035 

22 

0.0190 

0.0198 

0.0003 

0.0003 

0.0063 

0.0063 

0.5817 

0.6081 

0.0599 

0.0295 

0.0040 

0.0025 

23 

0.0163 

0.0096 

0.0003 

0.0003 

0.0063 

0.0063 

0.5089 

0.5919 

0.0400 

0.0254 

0.0040 

0.0023 

24 

0.0163 

0.0104 

0.0003 

0.0003 

0.0063 

0.0063 

0.4716 

0.5894 

0.0352 

0.0191 

0.0040 

0.0023 

25 

0.0163 

0.0105 

0.0003 

0.0003 

0.0063 

0.0063 

0.4224 

0.5894 

0.0354 

0.0193 

0.0040 

0.0023 

26 

0.0163 

0.0085 

0.0003 

0.0003 

0.0063 

0.0063 

0.3609 

0.5894 

0.0200 

0.0182 

0.0040 

0.0023 

27 

0.0163 

0.0040 

0.0003 

0.0003 

0.0063 

0.0063 

0.3517 

0.5894 

0.0200 

0.0146 

0.0039 

0.0023 

28 

0.0163 

0 .  0006 

0.0003 

0.0003 

0.0063 

0.0063 

0.3896 

0.5894 

0.0375 

0.0125 

0.0039 

0.0023 

29 

0.0163 

0.0028 

0.0003 

0.0003 



0.0063 

0.3986 

0.5894 

0.0655 

0.0073 

0.0039 

0.0018 

30 

0.0163 

0.0023 

0.0003 

0.0003 



0.0063 

0.3879 

0.5894 

0.1401 

0.0037 

0.0039 

0.0017 

31 

0.0125 

... 

0.0003 

0.0003 

... 

0.0063 

... 

0.5794 

--- 

0.0045 

0.0038 

... 

Average  rate,  cfs 

0.0175 

0.0065 

0.0008 

0.0003 

0.0051 

0.0074 

0.1712 

0.5220 

0.2194 

0.0458 

0.0042 

0.0032 

Total  yield,  inches 

0.261 

0.940 

0.012 

0.004 

0.068 

0.110 

2.460 

7.750 

3.152 

0.680 

0.062 

0.046 

Average  annual  rate: 

0.0836  cfs 

Total  annual  yield: 

15.545   inch 

es 
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VAN    FLEET   CREEK   DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER    19 38-SEPTEMBER    1939. 


1 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0570 

0.0699 

0.5356 

0.2010 

0.0100 

0.0200 

0.0000 

2 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0590 

0.0758 

0.5648 

0.1580 

0.0100 

0.0162 

0.0000 

3 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0610 

0.0224 

0.5935 

0.1498 

0.0108 

0.0152 

0.0000 

4 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0630 

0.0878 

0.6225 

0.1498 

0.0100 

0.0200 

0.0000 

) 

0.0005 

0.0023 

0.0023 

0.0530 

0.0530 

0.0650 

0.0899 

0.6514 

0.1498 

0.0100 

0.0200 

0.0000 

6 

0.0003 

0.0023 

0.0023 

0.0530 

0.0530 

0.0670 

0.0953 

0.6394 

0.1299 

0.0100 

0.0200 

0.0000 

7 

0.0003 

0.0023 

0.0023 

0.0530 

0.0530 

0.0690 

0.1028 

0.5927 

0.1199 

0.0100 

0.0200 

0.0117 

H 

0.0006 

0.0023 

0.0023 

0.0530 

0.0530 

0.0710 

0.2158 

0.5619 

0.1199 

0.0100 

0.0200 

0.0105 

> 

0.0012 

0.0023 

0.0023 

0.0530 

0.0530 

0.0730 

0.2448 

0.5195 

0.1116 

0.0100 

0.0200 

0.0100 

Hi 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0750 

0.2071 

0.4895 

0.0982 

0.0100 

0.0200 

0.0100 

1  1 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0770 

0.1998 

0.5224 

0.0953 

0.0100 

0.0200 

0.0142 

12 

0.0031 

0.0023 

0.0023 

0.0530 

0.0530 

0.0790 

0.2131 

0.4995 

0.0899 

0.0100 

0.0135 

0.0200 

13 

0.0035 

0.0023 

0.0023 

0.0530 

0.0530 

0.0810 

0.2319 

0.4699 

0.0878 

0.0100 

0.0100 

0.0171 

u 

0.0035 

0.0023 

0.0023 

0.0530 

0.0530 

0.0830 

0.2507 

0.4483 

0.0824' 

0.0100 

0.0100 

0.0100 

15 

0.0035 

0.0023 

0.0023 

0.0530 

0.0530 

0.0850 

0.2695 

0.4466 

0.0799 

0.0100 

0.0100 

0.0100 

16 

0.0035 

0.0023 

0.0023 

0.0530 

0.0530 

0.0870 

0.2882 

0.4046 

0.0699 

0.0100 

0.0100 

0.0100 

17 

0.0035 

0.0023 

0.0023 

0.0530 

0.0530 

0.0890 

0.3070 

0.3896 

0.0758 

0.0100 

0.0100 

0.0200 

L8 

0.0035 

0.0023 

0.0023 

0.0530 

0.0530 

0.0910 

0.3258 

0.3732 

0.0799 

0.0100 

0.0100 

0.0150 

19 

0.0021 

0.0023 

0.0023 

0.0530 

0.05  30 

0.0930 

0.3446 

0.3625 

0.0799 

0.0083 

0.0000 

0.0100 

JO 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0950 

0.3634 

0.3397 

0.0799 

0.0000 

0.0000 

0.0100 

21 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0970 

0.3821 

0.3091 

0.0799 

0.0000 

0.0000 

0.0100 

22 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0980 

0.4167 

0.2997 

0.0762 

0.0000 

0.0000 

0.0100 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0990 

0.4779 

0.2997 

0.0699 

0.0000 

0.0000 

0.0100 

.'■'. 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0940 

0.4833 

0.2997 

0.0599 

0.0000 

0.0000 

0.0117 

25 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0890 

0.4100 

0.2647 

0.0450 

0.0000 

0.0000 

0.0200 

1: 

0.0017 

0.0023 

0.0023 

0.0530 

0.0530 

0.0840 

0.3909 

0.2398 

0.0400 

0.0000 

0.0000 

0.0179 

27 

0.0022 

0.0023 

0  002  3 

0.0530 

0.0530 

0.0800 

0.4198 

0.2231 

0.0400 

0.0000 

0.0000 

0.0000 

28 

0.0023 

0.0023 

0.0023 

0.0530 

0.0530 

0.0750 

0.4488 

0.2098 

0.0258 

0.0200 

0.0000 

0.0150 

29 

0.0023 

0.0023 

0.0023 

0.0530 



0.0700 

0.4777 

0.2223 

0.0200 

0.0300 

0.0000 

0.0100 

111 

0.0023 

0.0023 

0.0023 

0.0530 



0.0650 

0.5067 

0.1840 

0.0100 

0.0200 

0.0000 

0.0000 

31 

0.0023 



0.0023 

0.0530 



0.0600 



0.1963 



0.0200 

0.0000 



Avera 

>e  rate,  cfs 

0.0020 

0.0023 

0.0023 

0.0530 

0.0530 

0.0784 

0.2826 

0.3495 

0.0892 

0.0090 

0.0092 

0.0010 

Total 

yield,  Incl 

es   0.030 

0.033 

0.034 

0.787 

0.711 

1.164 

4.064 

5.193 

1.282 

0.133 

0.137 

0.140 

Average   annual    rate:      0.0776   cfs 

Total    annual    yield:       12.997    area    inches 

Peak    flow: 


VAN    FLEET   CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER    1939-SEPTEMBER    1940. 


1 

0.0083 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0370 

0.2590 

0.0830 

0.0270 

0.0110 

0.0110 

2 

0.0304 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0420 

0.3310 

0.0680 

0.0210 

0.0110 

0.0110 

3 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.4300 

0.0600 

0.0210 

0.0110 

0.0110 

4 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0390 

0.4300 

0.0760 

0.0210 

0.0110 

0.0110 

5 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0460 

0.4500 

0.1470 

0.0210 

0.0110 

0.0110 

i 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0640 

0.4500 

0.1060 

0.0210 

0.0110 

0.0110 

7 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0680 

0.4500 

0.0760 

0.0210 

0.0110 

0.0110 

8 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0680 

0.4500 

0.0680 

0.0210 

0.0110 

0.0110 

9 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0680 

0.4500 

0.0600 

0.0210 

0.0110 

0.0110 

10 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0760 

0.4500 

0.0570 

0.0210 

0.0110 

0.0110 

1  1 

0.0200 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.0830 

0.4710 

0.0460 

0.0210 

0.0110 

0.0110 

12 

o.oioo 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1060 

0.4920 

0.0460 

0.0210 

0.0110 

0.0110 

13 

0.0100 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1470 

0.5140 

0.0390 

0.0110 

0.0110 

0.0210 

14 

0.0257 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1620 

0.5140 

0.0390 

0.0110 

0.0110 

0.0210 

1  . 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1930 

0.5140 

0.0390 

0.0110 

0.0110 

0.0210 

\u 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.1930 

0.5030 

0.0390 

0.0110 

0.0110 

0.0210 

17 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.2420 

0.4920 

0.0390 

0.0110 

0.0110 

0.0040 

18 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.2770 

0.4600 

0.0390 

0.0110 

0.0110 

0.0040 

L9 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3500 

0.4300 

0.0390 

0.0110 

0.0110 

0.0040 

20 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.4300 

0.3700 

0.0390 

0.0110 

0.0110 

0.0040 

21 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3890 

0.3310 

0.0390 

0.0110 

0.0110 

0.0040 

22 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3600 

0.2940 

0.0390 

0.0110 

0.0110 

0.0040 

-'  t 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3310 

0.2770 

0.0390 

0.0110 

0.0110 

0.0040 

2. 

0.0  300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3890 

0.2250 

0.0300 

0.0110 

0.0110 

0.0040 

25 

0.0300 

0.0330 

0.0  3  30 

0.0330 

0.0330 

0.0330 

0.4300 

0.2090 

0.0270 

0.0110 

0.0110 

0.0210 

Ji. 

0.0300 

0.0330 

0.0)30 

0.0330 

0.0330 

0.0330 

0.4090 

0.1850 

0.0210 

0.0110 

0.0110 

0.0110 

27 

0.0  300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.3310 

0.1620 

0.0210 

0.0110 

0.0110 

0.0110 

28 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.2940 

0.1470 

0.0210 

0.0110 

0.0110 

0.0110 

"' 

0.0300 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.2590 

0.1330 

0.0210 

0.0110 

0.0110 

0.0110 

so 

0.0300 

0.0330 

0.0330 

0.0330 



0.0330 

0.2090 

0.1190 

0.0210 

0.0110 

0.0110 

0.0150 

31 

0.0300 



0.0330 

0.0330 



0.0330 



0.1060 



0.0110 

0.0110 



Avi 

rage  rate,  cfs 

0.0250 

0.0330 

0.0330 

0.0330 

0.0330 

0.0330 

0.2050 

0.3580 

0.0500 

0.0150 

0.0110 

0.0110 

lut 

al  yield,  inches   0.371 

0.474 

0.490 

0.490 

0.458 

0.490 

2.940 

5.315 

0.711 

0.224 

0.163 

0.157 

A'  ei    Lge    annual     rate  : 
Total   annual    yield: 

Peal     i  low: 


0.0700   cfs 
12  .  283  area    i  ni  ties 
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VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1940-SEPTEMBER  1941. 


DAY 


1 

0.0210 

0.0260 

0.0250 

0.0280 

0.0380 

0.0340 

0.0490 

0.3890 

0.2590 

0.0830 

0.0270 

0.0310 

2 

0.0210 

0.0260 

0.0250 

0.0280 

0.0380 

0.0340 

0.0490 

0.4500 

0.2170 

0.0830 

0.0270 

0.0300 

3 

0.0210 

0.0260 

0.0250 

0.0280 

0.0380 

0.0270 

0.0490 

0.4300 

0.1700 

0.0760 

0.0220 

0.0270 

4 

0.0210 

0.0260 

0.0250 

0.0280 

0.0380 

0.0270 

0.0490 

0.4300 

0.1400 

0.0680 

0.0220 

0.0270 

5 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0270 

0.0460 

0.4500 

0.1330 

0.0600 

0.0220 

0.0270 

6 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0270 

0.0360 

0.4500 

0.1060 

0.0460 

0.0220 

0.0290 

7 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0270 

0.0330 

0.5140 

0.1540 

0.0420 

0.0220 

0.0290 

8 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0270 

0.0330 

0.6730 

0.1470 

0.0420 

0.0220 

0.0290 

9 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0290 

0.0330 

0.7940 

0.1260 

0.0390 

0.0220 

0.0290 

10 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0290 

0.0330 

0.8190 

0.1260 

0.0390 

0.0220 

0.0290 

11 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0290 

0.0330 

0.9480 

0.1260 

0.0360 

0.0220 

0.0290 

12 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0290 

0.0380 

1.1390 

0.1230 

0.0360 

0.0330 

0.0290 

13 

0.0240 

0.0250 

0.0250 

0.0280 

0.0290 

0.0290 

0.0390 

1.2240 

0.1190 

0.0330 

0.0340 

0.0290 

14 

0.0240 

0.0250 

0.0300 

0.0270 

0.0320 

0.0290 

0.0390 

1.2520 

0.1130 

0.0300 

0.0330 

0.0270 

15 

0.0210 

0.0250 

0.0300 

0.0210 

0.0330 

0.0290 

0.0400 

1.0780 

0.1300 

0.0300 

0.0330 

0.0270 

16 

0.0210 

0.0250 

0.0300 

0.0210 

0.0340 

0.0290 

0.0440 

1.0560 

0.2170 

0.0300 

0.0330 

0.0240 

17 

0.0210 

0.0250 

0.0300 

0.0270 

0.0340 

0.0290 

0.0440 

0.9750 

0.1800 

0.0300 

0.0330 

0.0240 

18 

0.0210 

0.0250 

0.0300 

0.0330 

0.0340 

0.0290 

0.0440 

0.8700 

0.1770 

0.0300 

0.0310 

0.0290 

19 

0.0210 

0.0250 

0.0300 

0.0330 

0.0340 

0.0290 

0.0440 

0.5580 

0.1580 

0.0300 

0.0310 

0.0290 

20 

0.0210 

0.0250 

0.0300 

0.0330 

0.0340 

0.0290 

0.0440 

0.4710 

0.1350 

0.0300 

0.0310 

0.0290 

21 

0.0210 

0.0250 

0.0280 

0.0330 

0.0340 

0.0370 

0.0460 

0.4  300 

1).  1  HID 

0.0300 

0.0310 

0.0290 

22 

0.0260 

0.0250 

0.0280 

0.0330 

0.0340 

0.0370 

0.0530 

0.4190 

0.1190 

0.0300 

0.0310 

0.0290 

23 

0.0260 

0.0250 

0.0280 

0.0300 

0.0360 

0.0370 

0.0760 

0.4400 

0.1060 

0.0300 

0.0310 

0.0290 

24 

0.0260 

0.0250 

0.0280 

0.0280 

0.0360 

0.0300 

0.0930 

0.4300 

0.1060 

0.0300 

0.0310 

0.0260 

25 

0.0260 

0.0250 

0.0280 

0.0280 

0.0360 

0.0300 

0.1470 

0.4200 

0.1060 

0.0300 

0.0310 

0.0260 

26 

0.0260 

0.0250 

0.0280 

0.0280 

0.0360 

0.0370 

0.1930 

0.3990 

0.1000 

0.0330 

0.0310 

0.0260 

27 

0.0260 

0.0250 

0.0280 

0.0280 

0.0360 

0.0370 

0.2420 

0.3700 

0.0930 

0.0360 

0.0310 

0.0260 

28 

0.0260 

0.0250 

0.0280 

0.0280 

0.0360 

0.0390 

0.2770 

0.3500 

0.0860 

0.0270 

0.0310 

0.0260 

29 

0.0260 

0.0250 

0.0280 

0.0280 



0.0390 

0.3310 

0.3400 

0.0860 

0.0270 

0.0310 

0.0250 

30 

0.0260 

0.0250 

0.0280 

0.0300 



0.0420 

0.3310 

0.3210 

0.0860 

0.0270 

0.0310 

0.0250 

31 

0.0260 



0.0280 

0.0370 



0.0460 



0.3020 



0.0270 

0.0310 



Average 

rate,  cfs 

0.0230 

0.0250 

0.0270 

0.0290 

0.0330 

0.0320 

0.0870 

0.6180 

0.1320 

0.0390 

0.0290 

0.0280 

Total  y 

Leld,  inches 

0.347 

0.361 

0.404 

0.426 

0.445 

0.474 

1.249 

9.167 

1.900 

0.584 

0.426 

0.398 

Average  annual  rate; 
Total  annual  yield: 
Peak  flow: 


0.0920  cfs 
16.722  area  inches 


VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194 1-SEPTEMBER  19A2. 


1 

0.0250 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0190 

0.1470 

0.8310 

0.1060 

0.0300 

0.0240 

2 

0.0270 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0190 

0.1260 

0.9220 

0.0390 

0.0300 

0.0240 

3 

0.0270 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0330 

0.1060 

1.0420 

0.0830 

0.0300 

0.0230 

4 

0.0270 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0600 

0.1060 

1.1390 

0.0760 

0.0300 

0.0230 

5 

0.0270 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0820 

0.1130 

1.0930 

0.0680 

0.0250 

0.0230 

6 

0.0280 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0790 

0.1190 

1.0700 

0.05  30 

0.0250 

0.0230 

7 

0.0280 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0760 

0.1190 

1.0420 

0.0460 

0.0250 

0.0230 

8 

0.0290 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0720 

0.1190 

1.0010 

0.0460 

0.0270 

0.0230 

9 

0.0300 

0.0330 

0.0190 

0.0190 

0.0190 

0.0190 

0.0760 

0.2090 

0.8830 

0.0410 

0.0270 

0.0230 

10 

0.0300 

0.0310 

0.0190 

0.0190 

0.0190 

0.O19I! 

0.1060 

0.4500 

0.7940 

0.0420 

0.0270 

0.0230 

11 

0.0310 

0.0310 

0.0190 

0.0190 

0.0190 

0.0190 

0.1060 

0.4400 

0.6960 

0.0460 

0.0330 

0.0230 

12 

0.0320 

0.0310 

0.0190 

0.0190 

0.0190 

0.0190 

0.1810 

0.4300 

0.6260 

0.0440 

0.0450 

0.0270 

13 

0.0320 

0.0300 

0.0190 

0.0190 

0.0190 

0.0190 

0.2560 

0.3750 

0.5580 

0.0440 

0.0340 

0.0260 

14 

0.0320 

0.0290 

0.0190 

0.0190 

0.0190 

0.0190 

0.3310 

0.3500 

0.4920 

0.0420 

0.0340 

0.0260 

15 

0.0320 

0.0280 

0.0190 

0.0190 

0.0190 

0.0190 

0.4070 

0.2770 

0.4300 

0.0360 

0.0340 

0.0260 

16 

0.0320 

0.0270 

0.0190 

0.0190 

0.0190 

0.0190 

0.4090 

0.3400 

0.3500 

0.0360 

0.0340 

0.0260 

17 

0.0320 

0.0230 

0.0190 

0.0190 

0.0190 

0.0190 

0.4090 

0.3030 

0.3130 

0.0360 

0.0340 

0.0260 

18 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.3700 

0.2940 

0.2770 

0.0360 

0.0340 

0.0260 

19 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.3220 

0.2940 

0.2090 

0.0360 

0.0310 

0.0260 

20 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.3130 

0.3700 

0.1930 

0.0360 

0.0310 

0.0260 

21 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.3500 

0.5140 

0.1770 

0.0360 

0.0310 

0.0260 

22 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.4600 

0.5690 

0.1620 

0.0360 

0.0310 

0.0260 

23 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.4710 

0.9.50 

0.1470 

0.0350 

0.0310 

0.0260 

24 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.4600 

1.4900 

0.1470 

0.0350 

0.0310 

0.0260 

25 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.4090 

1.6770 

0.1450 

0.0350 

0.0260 

0.0270 

26 

0.0320 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.3400 

1.6770 

0.1470 

0.0350 

0.0260 

0.0270 

27 

0.0330 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.2250 

1.4290 

0.1470 

0.0350 

0.0260 

0.0270 

28 

0.0330 

0.0210 

0.0190 

0.0190 

0.0190 

0.0190 

0.1770 

1.1950 

0.1420 

0.0350 

0.0260 

0.0280 

29 

0.0330 

0.0210 

0.0190 

0.0190 



0.0190 

0.1550 

1.0010 

0.1330 

0.0350 

0.0260 

0.0280 

30 

0.0330 

0.0190 

0.0190 

0.0190 



0.0190 

0.1550 

0.8960 

0.1190 

0.0350 

0.0260 

0.0290 

31 

0.0330 



0.0190 

0.0190 



0.0190 



0.8440 



0.0350 

0.0260 



Average 

rate,  cfs 

0.0310 

0.0270 

0.0190 

0.0190 

0.0190 

0.0190 

0.2310 

0.5600 

0.5140 

0.0460 

0.0300 

0.0250 

Total  y 

Leld,  inches 

0.457 

0.382 

0.282 

0.282 

0.255 

0.282 

3.318 

8.311 

7.388 

0.686 

0.444 

0.364 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1280  cfs 
22.451  area  inches 
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VAN   FLEET  CREEK  DISCHARGE,    CUBIC  FEET  PER  SECOND,    OCTOBER   1942-SEPTEMBER   1943. 


Average  annual    rate:      0.0890   cfs 

Total   annual   yield:      15.581   area    inches 

Peak    flow: 


VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1943-SEPTEMBER  1944. 


SEPT 


1 

0.0290 

0.0280 

0.0330 

0.0360 

0.0770 

0.0360 

0.0600 

0.4500 

0.3500 

0.0500 

0.0300 

0.0260 

2 

0.0290 

0.0280 

0.0330 

0.0380 

0.0790 

0.0330 

0.0930 

0.4500 

0.3310 

0.0460 

0.0300 

0.0260 

3 

0.0290 

0.0300 

0.0330 

0.0390 

0.0830 

0.0330 

0.1120 

0.4400 

0.2940 

0.0430 

0.0300 

0.0260 

U 

0.0300 

0.0300 

0.0330 

0.0400 

0.0930 

0.0330 

0.1190 

0.5140 

0.2770 

0.0430 

0.0300 

0.0260 

5 

0.0310 

0.0290 

0.0330 

0.0420 

0.0910 

0.0330 

0.1190 

0.4920 

0.3130 

0.0440 

0.0300 

0.0260 

6 

0.0310 

0.0290 

0.0350 

0.04  30 

0.0880 

0.0330 

0.1330 

0.5580 

0.3130 

0.0460 

0.0300 

0.0260 

7 

0.0310 

0.0290 

0.0350 

0.0440 

0.0860 

0.0330 

0.1620 

0.4710 

0.2660 

0.0460 

0.0300 

0.0230 

B 

0.0310 

0.0290 

0.0350 

0.0460 

0.0840 

0.0330 

0.1620 

0.4300 

0.2590 

0.0440 

0.0300 

0.0230 

9 

0.0310 

0.0290 

0.0350 

0.04  70 

0.0820 

0.0330 

0.1620 

0.3700 

0.2420 

0.0390 

0.0390 

0.0230 

10 

0.0330 

0.0290 

0.0350 

0.0480 

0.0790 

0.0330 

0.1400 

0.3130 

0.2170 

0.0390 

0.0300 

0.0230 

11 

0.0320 

0.0290 

0.0350 

0.0500 

0.0770 

0.0330 

0.1590 

0.2680 

0.2090 

0.0390 

0.0300 

0.0230 

12 

0.0320 

0.0290 

0.0350 

0.0510 

0.0750 

0.0330 

0.1780 

0.2420 

0.1930 

0.0390 

0.0300 

0.0230 

13 

0.0330 

0.0260 

0.0350 

0.0520 

0.0720 

0.0330 

0.1970 

0.2250 

0.2000 

0.0390 

0.0300 

0.0230 

14 

0.0330 

0.0260 

0.0350 

0.0530 

0.0700 

0.0330 

0.2160 

0.2090 

0.2590 

0.0460 

0.0300 

0.0230 

15 

0.0330 

0.0300 

0.0350 

0.0550 

0.0680 

0.0330 

0.2360 

0.1930 

0.2680 

0.0460 

0.0300 

0.0230 

16 

0.0330 

0.0320 

0.0350 

0.0560 

0.0650 

0.0330 

0.2550 

0.1930 

0.2250 

0.0450 

0.0300 

0.0230 

17 

0.0330 

0.0320 

0.0350 

0.0580 

0.0630 

0.0340 

0.2740 

0.1850 

0.1930 

0.0440 

0.0300 

0.0230 

18 

0.0330 

0.0320 

0.0350 

0.0590 

0.0610 

0.0360 

0.2930 

0.1770 

0.1620 

0.0430 

0.0300 

0.0230 

.9 

0.0330 

0.0320 

0.0350 

0.0600 

0.0580 

0.0370 

0.3120 

0.1620 

0.1400 

0.0420 

0.0300 

0.0230 

20 

0.0330 

0.0330 

0.0350 

0.0620 

0.0560 

0.0380 

0.3310 

0.1470 

0.1330 

0.0410 

0.0300 

0.0200 

21 

0.0330 

0.0330 

0.0350 

0.06  30 

0.0540 

0.0390 

0.4090 

0.1470 

0.1060 

0.0400 

0.0300 

0.0200 

:: 

0.0330 

0.0330 

0.0350 

0.0640 

0.0520 

0.0400 

0.4920 

0.1470 

0.1060 

0.0390 

0.0270 

0.0200 

23 

0.0330 

0.0330 

0.0350 

0.0660 

0.0490 

0.0420 

0.5250 

0.1470 

0.0930 

0.0370 

0.0270 

0.0200 

24 

0.0330 

0.0330 

0.0350 

0.0670 

0.04  70 

0.04  30 

0.5360 

0.1470 

0.0830 

0.0360 

0.0260 

0.0200 

25 

0.0330 

0.0330 

0.0350 

0.0680 

0.0450 

0.0440 

0.5030 

0.1400 

0.0800 

0.0340 

0.0260 

0.0200 

26 

0.0330 

0.0330 

0.0350 

0.0700 

0.0420 

0.0460 

0.4300 

0.1400 

0.0760 

0.0330 

0.0260 

0.0200 

27 

0.0330 

0.0330 

0.0350 

0.0710 

0.0400 

0.0470 

0.4300 

0.1400 

0.0680 

0.0310 

0.0260 

0.0200 

28 

0.0280 

0.0330 

0.0350 

0.0720 

0.0380 

0.0480 

0.3980 

0.1400 

0.0570 

0.0300 

0.0260 

0.0200 

.9 

0.0280 

0.0330 

0.0350 

0.0740 



0.0490 

0.3890 

0.1400 

0.0600 

0.0300 

0.0260 

0.0210 

30 

0.0280 

0.0330 

0.0350 

0.0750 



0.0500 

0.4090 

0.1470 

0.0530 

0.0300 

0.0260 

0.0240 

31 

0.0280 



0.0350 

0.0760 



0.0520 



0.1770 



0.0300 

0.0260 



Average 

rate,  cfs 

0.0320 

0.0310 

0.0350 

0.0560 

0.0670 

0.0380 

0.2740 

0.2610 

0.1880 

0.0400 

0.0290 

0.0230 

Total  yield,  inches 

0.467 

0.441 

0.515 

0.836 

0.898 

0.563 

3.943 

3.880 

2.694 

0.591 

0.427 

0.326 

DAK 


: 

0.0260 

2 

0.0260 

3 

0.0260 

4 

0.0260 

5 

0.0260 

6 

0.0260 

7 

0.0260 

B 

0.0260 

9 

0.0260 

10 

0.0260 

i: 

0.0320 

12 

0.0360 

13 

0.0310 

L4 

0.0290 

15 

0.0290 

16 

0.0290 

17 

0.0290 

18 

0.0290 

L9 

0.0310 

20 

0.0330 

21 

0.0330 

11 

0.0330 

2  3 

0.0330 

24 

.'  5 

26 

27 

28 

29 

10 

(1 

Total  yield,  inches 

0.3550 

0.0490 

0.0240 

0.0260 

0.6660 

0.0460 

0.0250 

0.0260 

1.0420 

0.0430 

0.0250 

0.0260 

1.0280 

0.0360 

0.0260 

0.0260 

0.8570 

0.0330 

0.0260 

0.0260 

0.7200 

0.0330 

0.0260 

0.0260 

0.6250 

0.0330 

0.0260 

0.0260 

0.5460 

0.0320 

0.0260 

0.0260 

0.4860 

0.0320 

0.0260 

0.0260 

0.4200 

0.0320 

0.0250 

0.0260 

0.3460 

0.0320 

0.0250 

0.0260 

0.3120 

0.0320 

0.0240 

0.0260 

0.2850 

0.0310 

0.0240 

0.0260 

0.2260 

0.0300 

0.0230 

0.0260 

0.1850 

0.0300 

0.0230 

0.0260 

6720 

0.1550 

0.0300 

0.0230 

0.0260 

u 

6600 

0.1260 

0.0290 

0.0230 

0.U250 

i 

4980 

0.1120 

0.0270 

0.0230 

0.0240 

o 

5570 

0.1000 

0.0270 

0.0230 

0.0240 

0 

5180 

0.0910 

0.0270 

0.0230 

0.0230 

0 

4860 

0.0860 

0.0270 

0.0230 

0.0230 

0 

4640 

0.0810 

0.0270 

0.0230 

0.0230 

0 

4540 

0.0780 

0.0270 

0.0250 

0.0230 

0 

4  390 

0.0720 

0.0270 

0.0270 

0.0230 

4090 

0.0660 

0.0260 

0.0300 

0.0230 

0 

3790 

0.0700 

0.0260 

0.0360 

0.0230 

0 

3600 

0.0840 

0.0250 

0.0380 

0.0230 

0 

3400 

0.0810 

0.0240 

0.0380 

0.0230 

0 

3310 

0.0640 

0.0240 

0.0320 

0.0230 

0 

3400 

0.0570 

0.0240 

0.0270 

0.0230 

0 

3500 



0.0230 

0.0270 



0.3140 

0.0300 

0.0260 

0.0250 

4.512 

0.452 

0.390 

0.355 

iinual    yield: 
Peak    l  : 
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VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1944-SEPTEMBER  1945. 
OCT      NOV       DEC       JAN       FEB      MAR      APR      MAY      JUNE      JULY 


1 

0.0230 

0.0280 

0.0260 

0.0260 

0.0260 

0.0260 

0.1500 

0.4890 

0.4090 

0.0830 

0.0270 

0.0320 

2 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.1620 

0.5010 

0.7310 

0.0680 

0.0260 

0.0)20 

3 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.1730 

0.5120 

0.3890 

0.0600 

0.0300 

0.0320 

4 

0.0230 

0.02b0 

0.0260 

0.0260 

0.0260 

0.0260 

0.1840 

0.5230 

0.4300 

0.0530 

0.0330 

0.0320 

5 

0.0230 

0.0330 

0.0260 

0.0260 

0.0260 

0.0260 

0.1960 

0.5340 

0.7200 

0.0530 

0.0300 

0.0290 

6 

0.0230 

0.0390 

0.0260 

0.0260 

0.0260 

0.0260 

0.2070 

0.8190 

1.1390 

0.0530 

0.0300 

0.0290 

7 

0.0230 

0.0390 

0.0260 

0.0260 

0.0260 

0.0260 

0.2180 

0.8700 

1.1670 

0.0600 

0.0330 

0.0290 

8 

0.0230 

0.0330 

0.0260 

0.0260 

0.0260 

0.0260 

0.2290 

0.8700 

0.8190 

0.0600 

0.0390 

0.0290 

9 

0.0230 

0.0270 

0.0260 

0.0260 

0.0260 

0.0260 

0.2410 

0.8700 

0.8190 

0.0600 

0.0450 

0.0290 

10 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.2520 

0.8440 

0.8190 

0.0720 

0.0450 

0.0290 

11 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.2630 

0.8190 

0.6850 

0.0680 

0.0460 

0.0270 

12 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.2750 

0.8190 

0.5800 

0.0640 

0.0450 

0.0260 

13 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.2860 

0.8700 

0.5140 

0.0520 

0.0430 

0.0260 

14 

0.0230 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.2970 

0.7690 

0.4600 

0.0600 

0.04  30 

0.0260 

1  i 

0.0240 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3080 

0.6960 

0.4300 

0.0530 

0.04  30 

0.0260 

16 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3200 

0.6730 

0.3890 

0.0530 

0.0420 

0.0260 

17 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3310 

0.64  90 

0.3500 

0.0530 

0.0420 

0.0260 

18 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3420 

0.6030 

0.2940 

0.0520 

0.0420 

0.0290 

19 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3540 

0.5580 

0.2680 

0.0520 

0.0530 

0.0290 

20 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3650 

0.4710 

0.225C 

0.0390 

0.1060 

0.0290 

21 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.3760 

0.4  300 

!).  JU'll) 

0.0390 

0.0500 

0.0290 

22 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0370 

0.3880 

0.3890 

0.1930 

0.0390 

0.0460 

0.0290 

23 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0490 

0.3990 

0.3890 

0.1770 

0.0390 

0.0380 

0.0290 

24 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0600 

0.4100 

0.3700 

0.1620 

0.0380 

0.0380 

0.0290 

25 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0710 

0.4220 

0.3500 

0.1470 

0.0380 

0.0380 

0.0290 

26 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0820 

0.4330 

0.3500 

0.1400 

0.0380 

0.0380 

0.0290 

27 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.0940 

0.4440 

0.3500 

0.1330 

0.0380 

0.0320 

0.0290 

28 

0.0260 

0.0260 

0.0260 

0.0260 

0.0260 

0.1050 

0.4550 

0.3700 

0.1330 

0.0380 

0.0320 

0.0290 

JH 

0.0260 

0.0260 

0.0260 

0.0260 



0.1160 

0.4670 

0.3700 

0.1060 

0.0330 

0.0320 

0.0290 

ill 

0.0260 

0.0260 

0.0260 

0.0260 



0.1280 

0.4780 

0.3890 

0.0880 

0.0270 

0.0320 

0.0290 

31 

0.0260 



0.0260 

0.0260 



0.1390 



0.4300 



0.0270 

0.0320 



Average  rate,  cfs 

0.0250 

0.0270 

0.0260 

0.0260 

0.0260 

0.0460 

0.3140 

0.5790 

0.4240 

0.0500 

0.0400 

0.0290 

Total  yield,  inches 

0.365 

0.394 

0.386 

0.386 

0.349 

0.683 

4.514 

8.594 

6.094 

0.748 

0.599 

0.413 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1340  cfs 
23. 525  area  inches 


VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  194  5-SEPTEMBER  1946. 


1 

0.0290 

0.0350 

0.0360 

0.0360 

0.0360 

0.0360 

0.2720 

0.6730 

0.4500 

0.0360 

0.0260 

0.0270 

2 

0.0290 

0.0350 

0.0360 

0.0360 

0.0360 

0.0360 

0.2860 

0.6260 

0.4200 

0.0350 

0.0250 

0.0270 

3 

0.0290 

0.0390 

0.0360 

0.0360 

0.0360 

0.0360 

0.3000 

0.6260 

0.3890 

0.0350 

0.0250 

0.0270 

4 

0.0290 

0.0390 

0.0360 

0.0360 

0.0360 

0.0360 

0.3140 

0.6260 

0.3500 

0.0350 

0.0240 

0.0270 

5 

0.0290 

0.0420 

0.0360 

0.0360 

0.0360 

0.0360 

0.3280 

0.6030 

0.3400 

0.0350 

0.0240 

0.0270 

6 

0.0290 

0.0420 

0.0360 

0.0360 

0.0360 

0.0360 

0.3420 

0.6030 

0.3220 

0.0330 

0.0240 

0.0270 

7 

0.0290 

0.0420 

0.0360 

0.0360 

0.0360 

0.0360 

0.3560 

0.5800 

0.2940 

0.0330 

0.0240 

0.0270 

8 

0.0290 

0.0390 

0.0360 

0.0360 

0.0360 

0.0360 

0.3700 

0.6030 

0.2770 

0.0320 

0.0240 

0.0270 

9 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.3840 

0.6240 

0.2590 

0.0320 

0.0240 

0.0270 

10 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.3970 

0.5800 

0.2250 

0.0320 

0.0240 

0.0270 

11 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.4110 

0.5360 

0.1930 

0.0320 

0.0240 

0.0270 

12 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.4250 

0.4710 

0.1850 

0.0320 

0.0240 

0.0270 

13 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.4  390 

0.4300 

0.1620 

0.0320 

0.0310 

0.0270 

14 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.4530 

0.3890 

0.1330 

0.0320 

0.0310 

0.0270 

15 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0360 

0.4670 

0.3600 

0.1120 

0.0300 

0.0310 

0.0270 

16 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0500 

0.4810 

0.3310 

0.0930 

0.0290 

0.0310 

0.0270 

17 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0640 

0.4950 

0.3130 

0.0930 

0.0290 

0.0310 

0.0300 

18 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0780 

0.5090 

0.3130 

0.0930 

0.0290 

0.0310 

0.0330 

19 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.0920 

0.5240 

0.3130 

0.0880 

0.0290 

0.0270 

0.0330 

20 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1060 

0.7080 

0.3030 

0.0800 

0.0270 

0.0270 

0.0330 

21 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1190 

0.6730 

0.2940 

0.0760 

0.0270 

0.0270 

0.0330 

22 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1330 

0.6030 

0.3030 

0.0680 

0.0270 

0.0270 

0.0330 

23 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1470 

0.5910 

0.3130 

0.0600 

0.0260 

0.0270 

0.0330 

24 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1610 

0.6260 

0.3030 

0.0600 

0.0260 

0.0270 

0.0330 

25 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1750 

0.6730 

0.2680 

0.0600 

0.0260 

0.0270 

0.0330 

26 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.1890 

0.7320 

0.2590 

0.0600 

0.0260 

0.0270 

0.0330 

27 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.2030 

0.7940 

0.2590 

0.0570 

0.0260 

0.0270 

0.0330 

28 

0.0290 

0.0360 

0.0360 

0.0360 

0.0360 

0.2170 

0.7690 

0.2690 

0.0500 

0.0260 

0.0270 

0.0330 

29 

0.0290 

0.0360 

0.0360 

0.0360 



0.2310 

0.7940 

0.4500 

0.0460 

0.0260 

0.0270 

0.0330 

30 

0.0330 

0.0360 

0.0360 

0.0360 



0.2440 

0.6960 

0.4300 

0.0390 

0.0260 

0.0270 

0.0330 

31 

0.0350 



0.0360 

0.0360 



0.2580 



0.4500 



0.0260 

0.0270 



Average 

rate,  cfs 

0.0300 

0.0370 

0.0360 

0.0360 

0.0360 

0.0970 

0.5070 

0.4360 

0.1710 

0.0300 

0.0270 

0.0300 

Total  y 

Leld,  inches 

0.440 

0.529 

0.534 

0.534 

0.483 

1.440 

7.285 

6.466 

2.459 

0.444 

0.397 

0.427 

Average  annual  rate:   0.1230  cfs 

Total  annual  yield:   21.4  38  area  inches 

Peak  flow: 
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VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1946-SEPTEMBER  1947. 


1 

0.0460 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.4000 

1.0560 

0.2010 

0.0600 

0.0330 

0.0320 

2 

0.0490 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.4200 

1.0300 

0.1930 

0.0570 

0.0330 

0.0320 

I 

0.0420 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.4400 

1.0030 

0.1930 

0.0530 

0.0330 

0.0320 

4 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.4600 

0.9760 

0.1930 

0.0490 

0.0390 

0.0320 

5 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.4900 

0.9500 

0.1550 

0.0490 

0.0390 

0.0320 

(. 

0.0360 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.5100 

0.9240 

0.1470 

0.04  30 

0.0360 

0.0320 

7 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.5300 

0.8970 

0.1330 

0.0390 

0.0360 

0.0320 

H 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.5500 

0.8700 

0.1470 

0.0360 

0.0390 

0.0320 

'< 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.5700 

0.8440 

0.1850 

0.0360 

0.0390 

0.0320 

10 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.5900 

0.8190 

0.1620 

0.0350 

0.0530 

0.0320 

1 1 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.6100 

0.8440 

0.1770 

0.0350 

0.0460 

0.0320 

L2 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.6300 

0.8960 

0.2250 

0.0340 

0.0460 

0.0320 

1  1 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.6500 

1.0010 

0.2090 

0.0330 

0.0420 

0.0320 

1  '. 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.6700 

0.9220 

0.1850 

0.0320 

0.0380 

0.0320 

15 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0590 

0.6900 

0.8190 

0.1470 

0.0320 

0.0360 

0.0320 

16 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0790 

0.7100 

0.7690 

0.1190 

0.0310 

0.0340 

0.0320 

17 

0.0330 

0.0390 

0.0390 

0.0390 

0.0390 

0.0990 

0.7400 

0.6960 

0.1120 

0.0300 

0.0320 

0.0320 

L8 

0.0460 

0.0390 

0.0390 

0.0390 

0.0390 

0.1190 

0.7600 

0.6260 

0.1120 

0.0300 

0.0300 

0.0320 

19 

0.04  30 

0.0390 

0.0390 

0.0390 

0.0390 

0.1390 

0.7800 

0.5800 

0.0930 

0.0300 

0.0280 

0.0320 

:o 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1590 

0.8000 

0.5580 

0.0930 

0.0300 

0.0260 

0.0320 

21 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1790 

0.8200 

0.4920 

0.1060 

0.0300 

0.0300 

0.0320 

22 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.1990 

0.8400 

0.4500 

0.1060 

0.0300 

0.0300 

0.0320 

23 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.2190 

0.8600 

0.4  300 

0.0990 

0.0300 

0.0300 

0.0320 

24 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.2390 

0.8800 

0.3700 

0.0830 

0.0300 

0.0300 

0.0320 

25 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.2590 

0.9000 

0.3500 

0.0760 

0.0300 

0.0300 

0.0320 

'" 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.2790 

0.9300 

0.2940 

0.0680 

0.0300 

0.0300 

0.0320 

27 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.3000 

0.9500 

0.2770 

0.0680 

0.0300 

0.0290 

0.0320 

JB 

0.0390 

0.0390 

0.0390 

0.0390 

0.0390 

0.3200 

0.9700 

0.2590 

0.0680 

0.0310 

0.0330 

0.0320 

29 

0.0390 

0.0390 

0.0390 

0.0390 



0.3400 

0.9900 

0.2250 

0.0680 

0.0310 

0.0330 

0.0320 

10 

0.0390 

0.0390 

0.0390 

0.0390 



0.3600 

1.0100 

0.2170 

0.0680 

0.0320 

0.0330 

0.0320 

31 

0.0390 



0.0390 

0.0390 



0.3800 



0.2090 



0.0320 

0.0320 



Aver  a 

ge   rate,    cfs 

0.0380 

0.0390 

0.0390 

0.0390 

0.0390 

0.1380 

0.7050 

0.6660 

0.1330 

0.0360 

0.0350 

0.0320 

Total 

yield,    inches 

0.561 

0.560 

0.579 

0.579 

0.523 

2.04  7 

10.129 

9.891 

1.911 

0.532 

0.521 

0.460 

Average  annual  rate:   0.1620  cfs 

Total  annual  yield:   28.293  area  inches 

Peak  flow: 

VAN   FLEET   CREEK   DISCHARGE,    CUBIC    FEET   PER   SECOND, 


OCTOBER   1948-SEPTEMBER    1949. 


DAS 


in  'I 


',<>'. 


DEC 


JAN 


FEB 


MAR 


1 

0.0270 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.3070 

0.6340 

2 

0.0270 

0.0530 

0.0380 

0.0380 

0.0380 

0.0380 

0.3240 

0.6070 

! 

0.0270 

0.0460 

0.0380 

0.0380 

0.0380 

0.0380 

0.3400 

0.5800 

4 

0.0300 

0.0460 

0.0380 

0.0380 

0.0380 

0.0380 

0.3570 

0.5580 

5 

0.0330 

0.0440 

0.0380 

0.0380 

0.0380 

0.0380 

0.3740 

0.4710 

h 

0.0300 

0.0420 

0.0380 

0.0380 

0.0380 

0.0380 

0.3910 

0.4090 

7 

0.0300 

0.0400 

0.0380 

0.0380 

0.0380 

0.0380 

0.4080 

0.3890 

8 

0.0300 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.4240 

0.4300 

" 

0.0300 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.4410 

0.5740 

10 

0.0300 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.4580 

0.6030 

11 

0.0300 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.4750 

0.6030 

1  ! 

0.0330 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.4920 

0.6490 

1  i 

0.0360 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.5080 

0.7940 

14 

0.0460 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.5250 

0.9480 

1 

0.1190 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.5420 

0.9350 

lh 

0.0600 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.5590 

0.8960 

1  1 

0.0530 

0.0380 

0.0380 

0.0380 

0.0380 

0.0550 

0.5760 

1.4600 

L8 

0.0530 

0.0380 

0.0380 

0.0380 

0.0380 

0.0720 

0.5920 

1.5210 

L9 

0.0460 

0.0380 

0.0380 

0.0380 

0.0380 

0.0880 

0.6090 

1.4000 

20 

0.0440 

0.0380 

0.0380 

0.0380 

0.0380 

0.1050 

0.6260 

1.5210 

21 

0.04  30 

0.0380 

0.0380 

0.0380 

0.0380 

0.1220 

0.6430 

1.4600 

22 

0.0420 

0.0380 

0.0380 

0.0380 

0.0380 

0.1390 

0.6600 

1.1670 

0.0410 

0.0380 

0.0380 

0.0380 

0.0380 

0.1560 

0.6760 

1.3130 

24 

0.0400 

0.0380 

0.0380 

0.0380 

0.0380 

0.1720 

0.6930 

25 

0.0390 

0.0380 

0.0380 

0.0380 

0.0380 

0.1890 

0.7100 

.:>< 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.2060 

0.7270 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.2230 

0.7440 

28 

0.0380 

0.0380 

0.0380 

0.0380 

0.0380 

0.2400 

0.7150 

:<• 

0.0380 

0.0380 

0.0380 

0.0380 



0.2560 

0.6880 

in 

0.0380 

0.0380 

0.0380 

0.0380 



0.2730 

0.6610 

n 

0.0380 



0.0380 

0.0380 



0.2900 



rate,    cfs              0.0400 

0.0390 

0.0380 

0.0380 

0.0380 

0.1030 

0.5420 

Tota]    yield,     inches        0.597 

0.567 

0.564 

0.564 

0.510 

1.530 

7.780 

Average  annual  rati': 
Total  annual  yield: 
Peak  flow: 
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VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1955-SEPTEMBER  1956. 


1 
2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 
20 

21 
22 
23 

24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs 
Total  yield,  inches 


0.0720 

0.3220 

0.2420 

0.0330 

0.0210 

0.0128 

0.0720 

0.3310 

0.2420 

0.0330 

0.0210 

0.0145 

0.0720 

0.3700 

0.2250 

0.0330 

0.0210 

0.0160 

0.0720 

0.4195 

0.1930 

0.0300 

0.0210 

0.0174 

0.0720 

0.4500 

0.1770 

0.0300 

0.0210 

0.0189 

0.0720 

0.4605 

0.1330 

0.0264 

0.0210 

0.0210 

0.0720 

0.4400 

0.1190 

0.0264 

0.0210 

0.0210 

0.0720 

0.4090 

0.0930 

0.0264 

0.0210 

0.0210 

0.0720 

0.4090 

0.0930 

0.0264 

0.0210 

0.0210 

0.0720 

0.4090 

0.0880 

0.0264 

0.0210 

0.0210 

0.0720 

0.4090 

0.0760 

0.0264 

0.0210 

0.0210 

0.0720 

0.3990 

0.0680 

0.0264 

0.0210 

0.0210 

0.0803 

0.3890 

0.0600 

0.0258 

0.0210 

0.0210 

0.0890 

0.3890 

0.0600 

0.0258 

0.0210 

0.0210 

0.0975 

0.0409 

0.0600 

0.0252 

0.0210 

o.oj in 

0.1190 

0.4090 

0.0600 

0.0246 

0.0210 

0.0210 

0.1470 

0.3890 

0.0600 

0.0246 

0.0210 

0.0210 

0.2090 

0.3700 

0.0600 

0.0240 

0.0210 

0.0210 

0.2590 

0.3700 

0.0565 

0.0240 

0.0210 

0.0210 

0.2940 

0.3700 

0.0600 

0.0240 

0.0210 

0.0210 

0.3310 

0.3890 

0.0600 

0.0240 

0.0210 

0.0210 

0.3600 

0.4090 

0.0640 

0.0240 

0.0210 

0.0210 

0.3890 

0.4300 

0.0640 

0.0240 

0.0189 

0.0210 

0.3700 

0.4500 

0.0640 

0.0210 

0.0172 

0.0210 

0.3500 

0.4710 

0.0600 

0.0210 

0.0153 

0.0210 

0.3700 

0.4605 

0.05  30 

0.0210 

0.0136 

0.02  10 

0.3890 

0.4  500 

0.0460 

0.0210 

0.0120 

0.0210 

0.3500 

0.4090 

0.0425 

0.0210 

0.0101 

0.0210 

0.3130 

0.3700 

0.0390 

0.0240 

0.0084 

0.0210 

0.2940 

0.3130 

0.0390 

0.0210 

0.0990 

0.0210 



0.2770 



0.0210 

0.0113 



0.1892 

0.3984 

0.0919 

0.0253 

0.0187 

0.0202 

2.718 

5.915 

1.320 

0.376 

0.277 

0.289 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1956-SEPTEMBER  1957. 


1 

0.0240 

0.0270 

0.0270 

2 

0.0240 

0.0270 

0.0270 

3 

0.0240 

0.0270 

0.0270 

4 

0.0244 

0.0270 

0.0270 

5 

0.0249 

0.0270 

0.0270 

6 

0.0253 

0.0270 

0.0270 

7 

0.0257 

0.0270 

0.0270 

8 

0.0261 

0.0270 

0.0270 

9 

0.0266 

0.0270 

0.0270 

10 

0.0270 

0.0270 

0.0270 

11 

0.0270 

0.0270 

0.0270 

12 

0.0270 

0.0270 

0.0270 

13 

0.0270 

0.0270 

0.0270 

14 

0.0270 

0.0270 

0.0270 

15 

0.0270 

0.0270 

0.0270 

16 

0.0270 

0.0270 

0.0270 

17 

0.0270 

0.0270 

0.0270 

18 

0.0270 

0.0270 

0.0270 

19 

0.0270 

0.0270 

0.0270 

20 

0.0270 

0.0270 

0.0270 

21 

0.0240 

0.0270 

0.0270 

22 

0.0240 

0.0270 

0.0270 

23 

0.0240 

0.0270 

0.0270 

24 

0.0240 

0.0270 

0.0270 

25 

0.0240 

0.0270 

0.0270 

26 

0.0240 

0.02  70 

0.0270 

27 

0.0258 

0.0270 

0.0270 

28 

0.0270 

0.0270 

0.0270 

29 

0.0270 

0.0270 

0.0270 

30 

0.0270 

0.0270 

0.0270 

31 

0.0270 



0.0270 

Average  rate,  cfs 

0.0258 

0.0270 

0.0270 

Total  yield,  incl 

e-s   0.383 

0.388 

0.401 

1.1390 

0.0930 

0.0330 

0.0261 

1.1110 

0.0880 

0.0330 

0.0258 

1.0830 

0.0830 

0.0330 

0.0255 

1.0280 

0.0830 

0.0330 

0.0252 

1.0280 

0.0830 

0.0330 

0.0252 

0.9350 

0.0830 

0.0330 

0.0252 

0.8190 

0.0830 

0.0270 

0.0252 

0.7200 

0.0830 

0.0270 

0.0252 

0.6730 

0.0830 

0.0270 

0.0252 

0.6730 

0.0830 

0.0270 

0.0252 

0.5800 

0.0880 

0.0300 

0.0252 

0.4920 

0.0830 

0.0270 

0.0252 

0.4300 

0.0830 

0.0270 

0.0252 

0.3600 

0.0760 

0.0270 

0.0252 

0.3310 

0.0760 

0.0270 

0.0240 

0.3310 

0.0680 

0.0270 

0.0210 

0.3220 

0.0600 

0.0270 

0.0270 

0.2680 

0.0600 

0.0270 

0.0270 

0.2170 

0.0600 

0.0270 

0.0270 

0.2090 

0.0530 

0.0270 

0.0270 

0.2010 

0.0446 

0.0300 

0.0270 

0.1850 

0.0425 

0.0270 

0.0270 

0.1620 

0.0390 

0.0270 

0.0270 

0.1400 

0.0390 

0.0270 

0.0270 

0.1330 

0.0390 

0.0270 

0.0270 

0.1330 

0.0390 

0.0270 

0.0270 

0.1330 

0.0360 

0.0270 

0.0270 

0.8700   0.1260 

0.0360 

0.0270 

0.0270 

0.9220   0.1125 

0.0330 

0.0270 

0.0270 

1.0560   0.1060 

0.0330 

0.0267 

0.0270 

1.0970    

0.0330 

0.0264 



0.4727 

0.0634 

0.0283 

0.0257 

6.791 

0.942 

0.420 

0.370 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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MAY 


VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1957-SEPTEMBER  1958. 


1 

0.0300 

0.0330 

0.0390 

2 

0.0360 

0.0330 

0.0390 

1 

0.0390 

0.0330 

0.0390 

4 

0.0430 

0.0330 

0.0390 

5 

0.0450 

0.0330 

0.0390 

'> 

0.0330 

0.0360 

0.0390 

7 

0.0330 

0.0390 

0.0390 

8 

0.0330 

0.0390 

0.0390 

•i 

0.0330 

0.0390 

0.0390 

10 

0.0330 

0.0390 

0.0390 

1  1 

0.0330 

0.0390 

0.0390 

12 

0.0330 

0.0390 

1  .1 

0.0330 

0.0390 

L4 

0.0330 

0.0390 

IS 

0.0330 

0.0390 

Ih 

0.0330 

0.0390 

17 

0.0330 

0.0390 

L8 

0.0330 

0.0390 

L9 

0.0330 

0.0390 

20 

0.0330 

0.0390 

21 

0.0330 

0.0390 

22 

0.0330 

0.0390 

1  1 

0.0360 

0.0390 

24 

0.0530 

0.0390 

25 

0.0460 

0.0390 

26 

0.0390 

0.0390 

27 

0.0360 

0.0390 

28 

0.0360 

0.0390 

29 

0.0360 

0.0390 

id 

0.0330 

0.0390 

;i 

0.0330 



Average   rate,    cfs 

0.0360 

0.0380 

Total    yield,    inches 

0.527 

0.544 

0.5920 

0.0330 

0.0240 

0.0210 

0.5360 

0.0300 

0.0240 

0.0210 

0.4500 

0.0330 

0.0210 

0.0210 

0.3890 

0.0330 

0.0210 

0.0240 

0.3410 

0.0330 

0.0210 

0.0240 

0.3130 

0.0330 

0.0210 

0.0240 

0.2860 

0.0330 

0.0240 

0.0240 

0.2590 

0.0300 

0.0270 

0.0240 

0.2250 

0.0270 

0.0270 

0.0240 

0.1930 

0.0270 

0.0270 

0.0240 

0.1770 

0.0270 

0.0270 

0.0270 

0.1540 

0.0270 

0.0240 

0.0270 

0.1470 

0.0270 

0.0210 

0.0270 

0.1470 

0.0270 

0.0240 

0.0270 

0.1260 

0.0270 

0.0210 

0.0270 

0.1060 

0.0270 

0.0210 

0.0270 

0 

7200 

0.0830 

0.0240 

0.0210 

0.0240 

0 

1440 

0.0720 

0.0240 

0.0210 

0.0240 

0 

9750 

0.0680 

0.0240 

0.0210 

0.0240 

1 

2240 

0.0600 

0.0240 

0.0210 

0.0240 

1 

3700 

0.0530 

0.0270 

0.0210 

0.0240 

1 

4600 

0.0530 

0.0270 

0.0210 

0.0240 

1 

5060 

0.0500 

0.0270 

0.0210 

0.0240 

1 

4900 

0.0490 

0.0270 

0.0210 

0.0240 

1 

4290 

0.0500 

0.0270 

0.0210 

0.0270 

1 

3400 

0.0460 

0.0270 

0.0210 

0.0330 

1 

2240 

0.0460 

0.0270 

0.0210 

0.0330 

1 

0830 

0.0420 

0.0270 

0.0210 

0.0330 

0 

9220 

0.0390 

0.0270 

0.0210 

0.0330 

0 

8190 

0.0360 

0.0270 

0.0210 

0.0330 

0 

6960 



0.0270 

0.0210 



0.1730 

0.0280 

0.0220 

0.0260 

2.484 

0.415 

0.330 

0.372 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


VAN  FLEET  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1958-SEPTEMBER  1959. 


1 

0.0330 

2 

0.0330 

3 

0.0330 

4 

0.0330 

3 

0.0330 

6 

0.0330 

7 

0.0330 

8 

0.0330 

9 

0.0330 

10 

0.0330 

11 

0.0330 

L2 

0.0330 

13 

0.0330 

14 

0.0330 

L5 

0.0330 

K, 

0.0330 

17 

0.0330 

18 

0.0330 

19 

0.0330 

20 

0.0330 

21 

(I.Ol  il) 

22 

().()  i  10 

23 

0.0330 

24 

0.0330 

25 

0.0330 

' 

0.0)  1(1 

.'7 

0.0330 

28 

0.0330 

"I 

0.0330 

)i) 

0.0330 

0.0330 

: 

0.0330 

u/ld,    inches 

0.490 

0.0270 

0.0240 

0.0210 

0.0270 

0.0240 

0.0210 

0.0270 

0.0240 

0.0210 

0.0270 

0.0240 

0.0210 

0.0270 

0.0230 

0.0210 

0.0270 

0.0230 

0.0210 

0.0270 

0.0230 

0.0210 

0.0260 

0.0220 

0.0210 

0.0260 

0.0220 

0.0210 

0.0260 

0.0220 

0.0210 

0.0250 

0.0210 

0.0210 

0.0250 

0.0210 

0.0210 

0.0250 

0.0210 

0.0210 

0.0240 

0.0210 

0.0210 

0.0240 

0.0210 

0.0210 

0 

0460 

0.0240 

0.0210 

0.0210 

0 

0430 

0.0240 

0.0210 

0.0210 

0 

0400 

0.0240 

0.0210 

0.0210 

0 

0370 

0.0240 

0.0270 

0.0270 

0 

0350 

0.0240 

0.0300 

0.0270 

0 

0320 

0.0240 

0.0270 

0.0270 

0 

0290 

0.0240 

0.0270 

0.0270 

0 

0270 

0.0240 

0.0270 

0.0270 

0 

0270 

0.0240 

0.0270 

0.0270 

0 

0270 

0.0240 

0.0240 

0.0270 

0 

0270 

0.0240 

0.0210 

0.0270 

0 

0270 

0.0240 

0.0210 

0.0270 

0 

0270 

0.0240 

0.0210 

0.0270 

0 

0270 

0.0240 

0.0210 

0.0270 

0 

0270 

0.0240 

0.0210 

0.0270 



0.0240 

0.0210 



0.0250 

0.0230 

0.0230 

0.371 

0.342 

0.336 

ill  rate: 
Tota  1  annua  i 
Low: 
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Mud 

Mud  Creek  lies  between  7,420  and  8,735  feet  elevation 
(fig.  13).  The  5  complete  years  of  record  among  the  16 
years  of  streamflow  data  show  a  mean  annual  yield  of 
26  inches— the  greatest  of  any  DCEW  stream.  Mud 
Creek's  relatively  high  elevation  and  its  northeast  ex- 
posure probably  account  for  these  high  yields. 

The  north-facing  slopes  are  largely  covered  with  con- 
ifer forest  and  some  aspen;  the  east  faces  are  mostly 
brushfields;  and  the  upper  one-third  of  the  watershed 
has  scattered  conifers  and  brushfields,  with  grass-  and 
herb-covered  areas  near  the  ridgeline. 


8600 


MUD  CREEK 


Figure  13.- 
watershed. 


■Topographic  map  of  Mud  Creek 
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MUD   CREEK    DISCHARGE,    CUBIC   FEET   PER  SECOND,    OCTOBER    19 36-SEPTEMBER    1937. 

i.i i   i  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 
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J 

; 
4 

5 

6 
7 
8 
9 
10 

1  I 
1.' 
13 
14 
15 

In 
17 
18 

I" 
20 

21 
22 
23 
24 
25 

Ji 
27 
28 

30 

31 

Average    rate,    cfs 
Total  yield,    inches 

Average    annual    rate: 
Total   annual  yield: 
Peak    flow: 


0.2990 

0.0  700 

0.0700 

0.2482 

0.0700 

0.0700 

0.1085 

0.0700 

0.0700 

0.0727 

0.0700 

0.0700 

0.0675 

0.0700 

0.0700 

0.1846 

0.0  700 

0.0700 

0.1206 

0.0700 

0.0700 

0.0800 

0.0700 

0.0700 

0.0754 

0.0700 

0.0700 

1 

6752 

0.0600 

0.0700 

0.0700 

1 

6952 

0.0579 

0.0700 

0.0700 

1 

6002 

0.0700 

0.0700 

0.0700 

1 

4314 

0.0700 

0.0700 

0.0700 

1 

2494 

0.0700 

0.0700 

0.0700 

1 

0917 

0.0700 

0.0700 

0.0700 

0 

9489 

0.0  700 

0.0700 

0.0700 

0 

8768 

0.0700 

0.0700 

0.0700 

0 

79  72 

0.0700 

0.0700 

0.0700 

0 

7005 

0.0700 

0.0700 

0.0700 

0 

6  396 

0.0698 

0.0700 

0.0700 

0 

5809 

0.0567 

0.0  700 

0.0700 

0 

5971 

0.0554 

0.0700 

0.0700 

0 

5355 

0.0579 

0.0700 

0.0700 

0 

5003 

0.0600 

0.0700 

0.0700 

0 

4586 

0.0700 

0.0700 

0.0700 

0 

4200 

0.0700 

0.0700 

0.0700 

0 

3980 

0.0700 

0.0700 

0.0700 

0 

32  75 

0.0700 

0.0700 

0.0700 

0 

3000 

0.0700 

0.0700 

0.0700 

0 

2929 

0.0700 

0.0700 

0.0700 



0.0700 

0.0700 



0.0878 

0.0700 

0.0700 

0.818 

0.652 

0.631 

DAY 


MUD  CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1937-SEPTEMBER    1938. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1 

0.0  700 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.8409 

1.0480 

0.1049 

0.0700 

0.1088 

2 

0.0700 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.6101 

1.0351 

0.0700 

0.0700 

0.0700 

3 

0.0700 

0.0500 

0.0  700 

0.0700 

0.0700 

0.0700 

0.0700 

0.5  7  74 

1.1201 

0.0700 

0.0700 

0.0700 

4 

0.0700 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.5160 

1.0851 

0.0700 

0.0700 

0.0600 

J 

0.0700 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.    800 

0.9801 

0.0700 

0.0700 

0.0500 

6 

0.0700 

0.0500 

0.0  700 

0.0700 

0.0700 

0.0700 

0.0  700 

0.4601 

0.9268 

0.0700 

0.0700 

0.0500 

. 

0.0700 

0.0500 

0.0700 

0.0700 

0.0  700 

0.0700 

0.0700 

0.4601 

0.8201 

0.0700 

0.0700 

0.0500 

8 

0.0600 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.4555 

0.6801 

0.0700 

0.0798 

0.0663 

9 

0.0500 

0.0500 

0.0700 

0.0700 

0.0700 

0.0  700 

0.0700 

0.4771 

0.5601 

0.0700 

0.1246 

0.0700 

10 

0.0500 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.5538 

0.4900 

0.0700 

0.1000 

0.0700 

1  1 

0.0500 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.6755 

0.4601 

0.0700 

0.1000 

0.0600 

12 

0.0500 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.8588 

0.4400 

0.0700 

0.1000 

0.0500 

1  1 

0.0500 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

1.1960 

0.4400 

0.0700 

0.1000 

0.0500 

14 

0.0500 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0  700 

1.2434 

0.4400 

0.0700 

0.0700 

0.0500 

1  .■ 

0.0500 

0.0500 

0.0700 

0.0678 

0.0700 

0.0700 

0.0700 

1.8467 

0.4200 

0.0700 

0.0700 

0.0500 

i' 

0.0500 

0.0500 

0.0700 

0.1967 

0.0700 

0.0700 

0.0700 

2.0408 

0.3932 

0.0700 

0.0700 

0.0500 

17 

0.0500 

0.0633 

0.0700 

0.2000 

0.0700 

0.0700 

0.0850 

1.9469 

0.3500 

0.0700 

0.0700 

0.0500 

18 

0.0500 

0.0700 

0.0700 

0.2034 

0.0700 

0.0700 

0.2929 

1.6627 

0.3200 

0.0700 

0.0700 

0.0500 

19 

0.0500 

0.0700 

0.0700 

0.1700 

0.0700 

0.0700 

0.4938 

1.4108 

0.2400 

0.0700 

0.0700 

0.0500 

20 

0.0500 

0.0700 

0.0700 

0.1400 

0.0700 

0.0700 

0.5378 

1.0039 

0.2000 

0.0700 

0.0700 

0.0500 

21 

0.0500 

0.0  700 

0.0700 

0.1200 

0.0700 

0.0700 

0.5326 

0.8751 

0.2000 

0.0700 

0.0700 

0.0500 

22 

0.0500 

0.0700 

0.0700 

0.1000 

0.0700 

0.0700 

0.6944 

0.8409 

0.2000 

0.0700 

0.0700 

0.0500 

23 

0.0500 

0.0700 

0.0700 

0.0800 

0.0700 

0.0700 

0.6840 

0.9462 

0.2000 

0.0700 

0.0700 

0.0500 

24 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.6290 

1.2697 

0.2000 

0.0700 

0.0700 

0.0500 

25 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.6367 

1.5439 

0.1700 

0.0700 

0.0700 

0.0500 

:<■ 

0.0500 

0.0700 

0.0  700 

0.0700 

0.0700 

0.0700 

0.5801 

1.6443 

0.1400 

0.0700 

0.0700 

0.0500 

27 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.5251 

1.6502 

0.1200 

0.0700 

0.0700 

0.0500 

cH 

0.0500 

0.0700 

0.0700 

0.0700 

0.0700 

0.0700 

0.5594 

1.5852 

0.1000 

0.0700 

0.0700 

0.0500 

29 

0.0500 

0.0700 

0.0  700 

0.0700 



0.0700 

0.7476 

1.3801 

0.0800 

0.0700 

0.0700 

0.0500 

30 

0.0500 

0.0700 

0.0700 

0.0700 



0.0700 

0.8764 

1.2364 

0.1652 

0.0700 

0.0700 

0.0500 

31 

0.0500 



0.0700 

0.0700 



0.0700 



1.1205 



0.0700 

0.0700 



Average 

rate,    cfs 

0.0548 

0.0591 

0.0700 

0.0909 

0.0700 

0.0700 

0.2998 

1.0857 

0.46  75 

0.0711 

0.0791 

0.0558 

Total   y 

ield,    inches 

0.511 

0.533 

0.652 

0.847 

0.589 

0.652 

2.703 

10.114 

4.214 

0.663 

0.737 

0.503 

Average   annual    rate:      0.2062    cfs. 
Total    annual  yield:      22.924   area   inches 
Peak    flow: 
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MUD  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 938-SEPTEMBER  1939. 


1 

0.0500 

0.0700 

0.0700   0.0700 

2 

0.0500 

0.0700 

0.0700   0.0700 

3 

0.0500 

0.0700 

0.0700   0.0700 

4 

0.0500 

0.0700 

0.0700 

5 

0.0500 

0.0700 

0.0700 

6 

0.0500 

0.0700 

0.0700 

7 

0.0500 

0.0700 

0.0700 

8 

0.0500 

0.0700 

0.0700 

9 

0.0500 

0.0700 

0.0700 

10 

0.0500 

0.0700 

0.0700 

11 

0.0500 

0.0700 

0.0700 

12 

0.0500 

0.0700 

0.0700 

13 

0.0500 

0.0700 

0.0700 

14 

0.0500 

0.0700 

0.0700 

15 

0.0500 

0.0700 

0.0700 

16 

0.0500 

0.0700 

0.0700 

17 

0.0663 

0.0700 

0.0700 

18 

0.0700 

0.0700 

0.0700 

19 

0.0700 

0.0700 

0.0700 

20 

0.0700 

0.0700 

0.0700 

21 

0.0700 

0.0700 

0.0700 

22 

0.0700 

0.0700 

0.0700 

23 

0.0700 

0.0700 

0.0700 

24 

0.0700 

0.0700 

0.0700 

25 

0.0700 

0.0700 

0.0700 

26 

0.0700 

0.0700 

0.0700 

27 

0.0700 

0.0700 

0.0700 

28 

0.0700 

0.0700 

0.0700 

29 

0.0700 

0.0700 

0.0700 

30 

0.0700 

0.0700 

0.0700 

31 

0.0700 



0.0700 

Average  rate,  cfs 

0.0596 

0.0700 

0.0700 

Total  yield,  inches 

0.555 

0.631 

0.652 

0.0725 

0.6907 

0.5546 

0.1000 

0.0500 

0.0500 

0. 1990 

0.7601 

0.5101 

0.1000 

0.0500 

0.0500 

0.3992 

0.8076 

0.4800 

0.1000 

0.0500 

0.0500 

0.4255 

1.0555 

0.4601 

0. 1000 

0.0500 

0.0500 

0.4234 

1.2135 

0.4501 

0.0800 

0.0500 

0.0500 

0.4017 

1. 1680 

0.4501 

0.0700 

0.0500 

0.0500 

0.3838 

1.0522 

0.4501 

0.0700 

0.0500 

0.0500 

0.4084 

0.9880 

0.4501 

0.0700 

0.0500 

0.0500 

0.4355 

1.0297 

0.4501 

0.0700 

0.0500 

0.0500 

0.3946 

1.1601 

0.4400 

0.0700 

0.0500 

0.0500 

0.3250 

1.3589 

0.4400 

0.0700 

0.0500 

0.0500 

0.3392 

1.3056 

0.4200 

0.0700 

0.0500 

0.0500 

0.4000 

1.1851 

0.4200 

0.0700 

0.0500 

0.0500 

0.4000 

1. 1276 

0.4100 

0.0700 

0.0500 

0.0500 

0.3550 

1.2013 

0.3890 

0.0700 

0.0500 

0.0500 

0.2400 

1.3243 

0.3400 

0.0700 

0.0500 

0.0500 

0.1788 

1.3701 

0.4738 

0.0700 

0.0500 

0.0500 

0.2534 

1.3493 

0.3600 

0.0700 

0.0500 

0.0500 

0.3229 

1.2376 

0.3600 

0.0700 

0.0500 

0.0500 

0.3667 

1.1201 

0.3500 

0.0700 

0.0500 

0.0500 

0.4  S84 

0.9801 

0.3400 

0.0700 

0.0500 

0.0500 

0.4880 

0.8601 

0.3400 

0.0700 

0.0500 

0.0500 

0 

0700 

0.4830 

0.7501 

0.3300 

0.0700 

0.0500 

0.0500 

0 

1075 

0.4759 

0.6601 

0.3200 

0.0700 

0.0500 

0.0500 

u 

2066 

0.4501 

0.5801 

0.2800 

0.0600 

0.0500 

0.0500 

0 

1650 

0.4330 

0.5201 

0.2200 

0.0500 

0.0500 

0.0500 

0 

0800 

0.4392 

0.4900 

0.1700 

0.0500 

0.0500 

0.0500 

0 

0800 

0.4490 

0.4800 

0.1400 

0.0500 

0.0500 

0.0500 

II 

0800 

0.5005 

0.4800 

0.1200 

0.0500 

0.0500 

0.0500 

0 

0700 

0.5976 

0.5155 

0.1000 

0.0500 

0.0500 

0.0500 

0 

0700 



0.5840 



0.0500 

0.0500 



0.3826 

0.9486 

0.3632 

0.0700 

0.0500 

0.0500 

3.449 

8.836 

3.274 

0.652 

0.466 

0.451 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


MUD  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1939-SEPTEMBER  1940. 


1 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.3209 

0.5301 

0.2567 

0.0500 

0.0500 

2 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.4103 

0.4900 

0.2000 

0.0500 

0.0500 

3 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.5638 

0.4601 

0.1313 

0.0500 

0.0480 

4 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.6734 

0.4501 

0.1000 

0.0500 

0.0470 

5 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.6472 

0.4871 

0.1000 

0.0500 

0.0470 

6 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.6824 

0.4580 

0. 1000 

0.0500 

0.0470 

7 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.6747 

0.4241 

0.1000 

0.0500 

0.0460 

8 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.7088 

0.3884 

0.0800 

0.0500 

0.0450 

9 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.8282 

0.3488 

0.0700 

0.0500 

0.0450 

10 

0.0500 

0.0500 

0.0320 

0.  0320 

0.0320 

0.0320 

0.1000 

0.9626 

0.3300 

0.0700 

0.0500 

0.0440 

11 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.  2000 

1.1232 

0.3200 

0.0700 

0.0500 

0.0430 

12 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.  2800 

1.2818 

0.3200 

0.0700 

0.0500 

0.0430 

13 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.3400 

1.3868 

0.3200 

0.0700 

0.0500 

0.0827 

14 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.3800 

1.3470 

0.3000 

0.0700 

0.0500 

0.0500 

15 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.  4000 

1.3836 

0.2900 

0.0700 

0.0500 

0.0500 

16 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.4000 

1.5874 

0.2700 

0.0700 

0.0500 

0.0500 

17 

0.0500 

0.0480 

0.0320 

0.0320 

0.0320 

0.0320 

0.3509 

1.6410 

0.2500 

0.0700 

0.0500 

0.0600 

18 

0.0500 

0.0450 

0.0320 

0.0320 

0.0320 

0.0320 

0.4300 

1.5416 

0.2200 

0.0700 

0.0500 

0.0700 

19 

0.0500 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.4984 

1.3751 

0.2000 

0.0700 

0.0500 

0.0700 

20 

0.0500 

0.0420 

0.0320 

0.0320 

0.0320 

0.0320 

0.5551 

1.2842 

0.2000 

0.0700 

0.0500 

0.0700 

21 

0.0500 

0.0400 

0.0320 

0.0320 

0.0320 

0.0320 

0.5557 

1.2701 

0.2000 

0.0700 

0.0500 

0.0700 

22 

0.0500 

0.0360 

0.0320 

0.0320 

0.0320 

0.0320 

0.5176 

1.2506 

0.2000 

0.0700 

0.0500 

0.0700 

23 

0.0500 

0.0340 

0.0320 

0.0320 

0.0320 

0.0320 

0.4905 

1.1318 

0.2000 

0.0600 

0.0500 

0.0700 

24 

0.0521 

0.0320 

0.0320 

0.0320 

0.0320 

0.0320 

0.4905 

1.1018 

0.2000 

0.0500 

0.0500 

0.0700 

25 

0.1200 

0.0320 

0.0320 

0.0320 

0.0320 

0.0410 

0.5283 

1.1743 

0.2000 

0.0500 

0.0500 

0.0700 

26 

0.0800 

0.0320 

0.0320 

0.0320 

0.0320 

0.0600 

0.5401 

1.1001 

0.2000 

0.0500 

0.0500 

0.0800 

27 

0.0700 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.5171 

0.9847 

0.2000 

0.0500 

0.0500 

0.1000 

28 

0.0658 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.4511 

0.8747 

0.2000 

0.0500 

0.0500 

0.1200 

29 

0.0500 

0.0320 

0.0320 

0.0320 

0.0320 

0.0700 

0.4013 

0.7801 

0.2000 

0.0500 

0.0500 

0.1700 

30 

0.0500 

0.0320 

0.0320 

0.0320 



0.0700 

0.3354 

0.6651 

0.2000 

0.0500 

0.0500 

0.2000 

31 

0.0500 



0.0320 

0.0320 



0.0700 



0.5951 



0.0500 

0.0500 



Average  rate,  cfs 

0.0545 

0.0438 

0.0320 

0.0320 

0.0320 

0.0393 

0.3131 

1.0114 

0.3019 

0.0809 

0.0500 

0.0693 

Total  yield,  inches 

0.507 

0.395 

0.298 

0.298 

0.279 

0.366 

2.822 

9.421 

2.722 

0.7  !4 

0.466 

0.624 

Average  annual  rate: 

0.1717 

cfs. 

Total  annual  yield: 

18.952  area  inches 
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MUD  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 940-SEPTEMBER  1941. 


1 

0.2200 

0.2000 

0.1400 

0.1200 

0.0500 

0.0200 

0.1400 

0.5400 

0.4500 

0.2700 

0.1400 

0.1400 

2 

0.2500 

0.2000 

0.1400 

0.  0900 

0.0500 

0.0200 

0.1400 

0.7500 

0.4500 

0.2700 

0.1400 

0.1400 

3 

0.2500 

0.2000 

0.1400 

0.  0900 

0.0500 

0.0200 

0.1400 

0.6800 

0.4500 

0.2500 

0.1400 

0.1700 

. 

0.2500 

0.2400 

0.1400 

0.  0900 

0.0500 

0.0200 

0.1400 

0.5700 

0.4400 

0.2500 

0.1200 

0.2000 

5 

0.2500 

0.2700 

0.1700 

0.  0900 

0.0400 

0.0200 

0.1400 

0.5700 

0.4400 

0.2500 

0.1200 

0.2000 

>• 

0.2500 

0.2700 

0.2000 

0.  0900 

0.0200 

0.0200 

0.1400 

0.5850 

0.4400 

0.2500 

0.1000 

0.1400 

7 

0.  2600 

0.2700 

0.2000 

0.  0900 

0.0200 

0.0200 

0.1400 

0.5850 

0.4400 

0.2250 

0.1000 

0.1400 

8 

0.2700 

0.2700 

0.2000 

0.  0900 

0.0190 

0.0200 

0.2000 

0.9200 

0.6000 

0.2000 

0.1000 

0.1200 

9 

0.2700 

0.2700 

0.2000 

0.  0900 

0.0170 

0.0200 

0.2000 

1.1600 

0.8800 

0.2000 

0.1200 

0.1000 

in 

0.2700 

0.2700 

0.2000 

0.  0900 

0.0150 

0.0200 

0.2000 

0.9600 

0.7300 

0.2000 

0.1200 

0.0850 

i : 

0.2700 

0.2700 

0.2000 

0.  0700 

0.0130 

0.0200 

0.2000 

1.5200 

0.6800 

0.2000 

0.1200 

0.0850 

12 

0.2700 

0.2700 

0.2000 

0.0500 

0.0110 

0.0200 

0.1910 

0.7100 

0.6500 

0.1700 

0.1400 

0.0850 

13 

0.  2700 

0.2700 

0.2000 

0.  0500 

0.  0090 

0.0200 

0.1830 

0.4600 

0.6500 

0.1700 

0.1200 

0.0850 

14 

0.30  00 

0'.  2700 

0.  2000 

0.  0500 

0.  0060 

0.0200 

0.1740 

0.4600 

0.6500 

0.1700 

0.1200 

0.0850 

15 

0.3400 

0.2700 

0.2000 

0.0500 

0.0060 

0.0200 

0.1666 

0.4500 

0.6500 

0.1400 

0.1200 

0.0850 

16 

0.3400 

0.2700 

0.1700 

0.0500 

0.0100 

0.0200 

0.1570 

0.4400 

0.6500 

0.1400 

0.1200 

0.0850 

17 

0.3400 

0.2400 

0.1400 

0.0500 

0.0140 

0.  0200 

0.1490 

0.4400 

0.5700 

0.1400 

0.1200 

0.0850 

18 

0.3400 

0.2000 

0.1400 

0.0500 

0.0180 

0.0200 

0.1400 

0.4400 

0.5000 

0.1400 

0.1200 

0.0850 

19 

0.  3400 

0.2000 

0.1400 

0.0500 

0.0200 

0.0400 

0.1000 

0.4300 

0.4600 

0.1400 

0.1000 

0.0850 

20 

0.3400 

0.2000 

0.1400 

0.0500 

0.0200 

0.0500 

0. 1400 

0.4200 

0.4200 

0.1400 

0.1000 

0.0850 

21 

0.  3400 

0.2000 

0.1400 

0.0500 

0.0400 

0.0500 

0.1700 

0.4200 

0.3900 

0.1400 

0.1000 

0.0850 

22 

0.3400 

0.2000 

0.1400 

0.0500 

0.0500 

0.0500 

0.2250 

0.4200 

0.3200 

0.1400 

0.1000 

0.0850 

23 

0.3000 

0.2000 

0.1400 

0.0500 

0.0500 

0.0500 

0.3200 

0.4300 

0.3400 

0.1400 

0.1000 

0.0850 

24 

0.2400 

0.2000 

0.  1400 

0.0500 

0.0500 

0.0500 

0.4200 

0.4500 

0.3200 

0.1400 

0.1000 

0.0910 

25 

0.2000 

0.2000 

0.  1400 

0.0500 

0.0500 

0.0500 

0.4800 

0.4400 

0.3200 

0.2000 

0.1000 

0.0850 

26 

0.2000 

0.2000 

0.0500 

0.0500 

0.0500 

0.4000 

0.4500 

0.3050 

0.2000 

0.1000 

0.0850 

27 

0.2000 

0.1700 

0.1400 

0.0500 

0.0400 

0.0500 

0.3400 

0.4500 

0.2900 

0.2000 

0.1000 

0.0850 

28 

0.2000 

0.1400 

0.1400 

0.0500 

0.0200 

0.0500 

0.4000 

0.4600 

0.2900 

0.1400 

0.1000 

0.0850 

29 

0.2000 

0.1400 

0.1400 

0.0500 



0.0500 

0.4600 

0.4600 

0.2900 

0.1400 

0.1400 

0.0790 

30 

0.2000 

0.1400 

0.1400 

0.0500 



0.0700 

0.5000 

0.4600 

0.2700 

0.1400 

0.1400 

0.0790 

31 

0.2000 



0.1400 

0.0500 



0.1200 



0.4500 



0.1400 

0.1400 



Average  rate,  cf* 

0.2681 

0.2237 

0.1613 

0.0645 

0.0289 

0.3520 

0.2300 

0.5800 

0.4780 

0.1820 

0.1160 

0.1040 

Total  yield,  incl 

es    2.497 

2.017 

1.503 

0.601 

0.243 

0.328 

2.072 

5.403 

4.308 

1.693 

1.082 

0.940 

Average  annual  rate:   0.2324  cfs. 
Total  annual  yield:   22.859  area  inches 
Peak  flow: 


MUD  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1941-SEPTEMBER  1942. 


1 

0.0790 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2860 

0.3080 

1.2300 

0.3600 

0.2400 

0.1400 

2 

0.0790 

0.0850 

0.0850 

0.0850 

0.0850 

0.0910 

0.2900 

0.3080 

1.7200 

0.3400 

0.2400 

0.1400 

3 

0.0790 

0.0850 

0.0850 

0.0850 

0.0850 

0.0980 

0.3200 

0.3080 

2.0400 

0.3400 

0.2400 

0.1400 

4 

0.0790 

0.0850 

0.0850 

0.0850 

0.0850 

0.1040 

0.3900 

0.3080 

2.4900 

0.3400 

0.2400 

0.1400 

ri 

0.0790 

0.0850 

0.0850 

0.0850 

0.0850 

0.1110 

0.4000 

0.3080 

2.7900 

0.3400 

0.2400 

0.1400 

i. 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1170 

0.3950 

0.3200 

3.0300 

0.3400 

0.2300 

0.1400 

7 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1240 

0.3900 

0.3600 

3.2200 

0.3400 

0.2300 

0.1400 

8 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1300 

0.3900 

0.4200 

3.1600 

0.3300 

0.2200 

0.1400 

9 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1370 

0.4000 

0.4800 

2.9700 

0.3300 

0.2100 

0.1400 

10 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1430 

0.4200 

0.4800 

2.9700 

0.3200 

0.2100 

0.1400 

1  1 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1500 

0.4600 

0.4500 

2.8500 

0.3200 

0.2000 

0.1400 

12 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.1560 

0.4980 

0.4200 

2.4900 

0.3200 

0.1900 

0.1700 

1  1 

0.0910 

0.0850 

0.0850 

0.0850 

0.0850 

0.1630 

0.5370 

0.4000 

1.8300 

0.3200 

0.1900 

0.1700 

14 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.1690 

0.5760 

0.3900 

1.5700 

0.3100 

0.1800 

0.1400 

15 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0. 1760 

0.6140 

0.3900 

1.5700 

0.2900 

0.1800 

0.1400 

16 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.1820 

0.5400 

0.3900 

1.5200 

0.2900 

0.1700 

0.1300 

17 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0.1890 

0.5000 

0.3900 

1.5200 

0.2900 

0.1700 

0.1300 

18 

0.0790 

0.0850 

0.0850 

0.0850 

0.0850 

0.1950 

0.4300 

0.3900 

1.5000 

0.2500 

0.1600 

0.1300 

<< 

0.0700 

0.0850 

0.0850 

0.0850 

0.0850 

0.2020 

0.4200 

0.4000 

1.4000 

0.2500 

0.1600 

0.1300 

20 

0.0700 

0.0850 

0.0850 

0.0850 

0.0850 

0.2080 

0.4200 

0.4700 

1.0900 

0.2200 

0.1600 

0.1300 

21 

0.0700 

0.0850 

0.0850 

0.0850 

0.0850 

0.2150 

0.4700 

0.6800 

0.7500 

0.2200 

0.1600 

0.1300 

22 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2210 

0.6500 

1.0000 

0.6800 

0.2000 

0.1600 

0.1300 

23 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2280 

0.6000 

1.6700 

0.6000 

0.2000 

0.1600 

0. 1100 

'4 

0.0850 

0.0850 

0.0850 

0.0850 

u.imsn 

0.2340 

0.4500 

2.2100 

0.5200 

0.2000 

0.1600 

0.1100 

25 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2410 

0.4200 

2.4300 

0.4800 

0.2000 

0.1700 

0.1100 

'>■ 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2470 

0.4000 

2.9700 

0.4600 

0.2000 

0.1700 

0.1100 

27 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2530 

0.3600 

2.4300 

0.4300 

0.2000 

0. 1600 

0.1100 

28 

0.0850 

0.0850 

0.0850 

0.0850 

0.0850 

0.2600 

0.3600 

1.7700 

0.4000 

0.2000 

0.1600 

0.1100 

". 

0.0850 

0.0850 

0.0850 

0.0850 



0.2660 

0.3600 

1.5200 

0.3900 

0.2400 

0.1400 

0.1100 

30 

0.0850 

0.0850 

0.0850 

0.0850 



0.2730 

0.3200 

1.1800 

0.3600 

0.2400 

0.1400 

0.1100 

31 

0.0850 



0.0850 

0.0850 



0.2790 



0.9200 



0.2400 

0.1400 



Average 

rate,  cfs 

0.0820 

0.0850 

0.0850 

0.0850 

0.0850 

0. 1820 

0.4350 

0.8540 

1.6000 

0.2770 

0.1860 

0. 1330 

Total  y 

leld,  inches 

0.763 

0.766 

0.792 

0.792 

0.715 

1.697 

3.926 

7.954 

14.431 

2.580 

1.735 

1.196 

Average  annual  rate:   0.3408  cfs. 

null'  i !  v  Leld:   37.  347  area  i  nches 
Peak  flow: 
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MUD  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1 942-SEPTEMBER  1943. 


1 

0.1120 

0. 1120 

0. 1120 

0. 1120 

0. 1120 

0. 1120 

0.1200 

0.7300 

1.0500 

0.3400 

0.2710 

0.0970 

2 

0.1120 

0. 1120 

0.1120 

0. 1120 

0.1120 

0.1120 

0.1400 

0.8800 

1. 1400 

0.3400 

0.2700 

0. 1040 

3 

0.1120 

0. 1120 

0. 1120 

0. 1120 

0. 1120 

0.1120 

0.2500 

0.9600 

1.0500 

0.3400 

0.2680 

0.1080 

4 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.2250 

1.0000 

0.9200 

0.3300 

0.2670 

0. 1160 

5 

0. 1120 

0.1120 

0.1120 

0.1120 

0.1120 

II.  1  120 

0.2000 

1.0000 

0.7500 

0.3200 

0.2660 

0.1200 

6 

0. 1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.2000 

0.9600 

0.6800 

0.3050 

0.2650 

0.1280 

7 

0.1120 

0.1120 

0. 1120 

0. 1120 

0.1120 

0.1120 

0.2250 

0.8800 

0.6500 

0.3050 

0.2640 

0. 1320 

8 

0.1120 

0.1120 

0. 1120 

0.1120 

0. 1 120 

0.1120 

0.2000 

0.7500 

0.6200 

0.3050 

0.2620 

0.1280 

9 

0. 1120 

0.1120 

0. 1120 

0. 1120 

0. 1120 

0. 1120 

0.2290 

0.6500 

0.6000 

0.3050 

0.2610 

0.1200 

10 

0.1120 

0. 1120 

0.1120 

0.1120 

0.1120 

0. 1120 

0.2580 

0.6000 

0.5700 

0.3050 

0.2600 

0. 1160 

11 

0.1120 

0. 1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.2870 

0.5700 

0.5400 

0.3050 

0.2590 

0.1080 

12 

0. 1120 

0.1120 

0.1120 

0. 1 120 

0.1120 

0. 1120 

0.3170 

0.5400 

0.5000 

0.3050 

0.2570 

0.1040 

13 

0. 1120 

0.1120 

0.1120 

0.1120 

0. 1120 

0. 1120 

0.3460 

0.6000 

0.5200 

0.3050 

0.2560 

0.0970 

14 

0.1120 

0.1120 

0.1120 

0. 1120 

0.1120 

0.1120 

0.3750 

0.6200 

0.4800 

0.3050 

0.2550 

0.0940 

15 

0.1120 

0.1120 

0.1120 

0. 1120 

0.1120 

0.1120 

0.4040 

0.6500 

0.4700 

0.3050 

0.2540 

0.0940 

16 

0.1120 

0.1120 

0.1120 

0. 1120 

0.1120 

0.1120 

0.4330 

0.6200 

0.4500 

0.3020 

0.2520 

0.0940 

17 

0.1120 

0. 1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.4620 

0.5700 

0.4400 

0.2990 

0.2510 

0.0940 

18 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.4920 

0.5000 

0.4200 

0.2960 

0.2500 

0.0940 

19 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.5210 

0.4700 

0.4200 

0.2940 

0.2000 

0.0940 

20 

0.1120 

0.1120 

0.1120 

0. 1120 

0. 1120 

0.1120 

0.5500 

0.4600 

0.4200 

0.2910 

0.2000 

0.0940 

21 

0.1120 

0.1120 

0. 1120 

0. 1120 

0.1120 

0.1120 

0.5790 

0.4600 

0.4200 

0.2880 

0.2000 

0.0940 

22 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.6800 

0.5200 

0.4200 

0.2850 

0.2000 

0.0940 

23 

0.1120 

0.1120 

0.1120 

0.1120 

0. 1120 

0.1120 

0.7100 

0.6800 

0.4100 

0.2820 

0.2000 

0.0940 

24 

0.1120 

0.1120 

0.1120 

0.1120 

0. 1120 

0.1120 

0.7500 

0.9200 

0.4000 

0.2810 

0.0940 

0.0940 

25 

0. 1120 

0. 1120 

0.1120 

0. 1120 

0. 1120 

0.1120 

0.6800 

1 . 0000 

0.4000 

0.2800 

0.0940 

0.0940 

26 

0.1120 

0.1120 

0.1120 

0. 1120 

0.1120 

0.1120 

0.6000 

1.0900 

0.4000 

0.2780 

0.0940 

0.0940 

27 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.4800 

1.1400 

0.3900 

0.2770 

0.0940 

0.0940 

28 

0.1120 

0.1120 

0.1120 

0. 1120 

0. 1120 

0. 1120 

0.4500 

1. 1400 

0.3500 

0.2760 

0.0940 

0.1000 

29 

0. 1120 

0.1120 

0. 1120 

0.1120 



0. 1120 

0.4400 

1.1400 

0.3500 

0.2750 

0.0940 

0.1000 

30 

0.1120 

0.1120 

0.1120 

0.1120 



0. 1120 

0.5400 

1.0700 

0.3500 

0.2730 

0.0940 

0.1000 

31 

0.1120 



0.1120 

0.1120 



0.1120 



1.0000 



0.2720 

0.0940 



Average  rate,  cfs 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.1120 

0.4050 

0.7800 

0.5530 

0.2990 

0.2080 

0.1030 

Total 

yield,  inches    1.043 

1.010 

1.043 

1.043 

0.942 

1.043 

3.649 

7.263 

4.982 

2.785 

1.935 

0.930 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2517  cfs. 
27.668  area  inches 


MUD  CREEK  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1943-SEPTEMBER  1944. 


1 

0.1000 

2 

0.1000 

3 

0.1000 

4 

0.1000 

5 

0.1000 

6 

0.0950 

7 

0.0900 

8 

0.0900 

9 

0.0900 

10 

0.0900 

11 

0.1700 

12 

0.1700 

13 

0.0900 

14 

0.0900 

15 

0.0900 

16 

0.0900 

17 

0.0900 

18 

0.0900 

19 

0.1950 

20 

0.1950 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Average  rate,  cfs 

Total  yield,  inches 

1.8502 

0.3200 

0.1300 

0.1000 

2.5003 

0.3200 

0.1300 

0. 1000 

3.1303 

0.3152 

0.1300 

0.1000 

2.8904 

0.3000 

0.1300 

0.1000 

2.1802 

0.2901 

0.1300 

0.0950 

1.8202 

0.2901 

0.1300 

0.0900 

1.6402 

0.2901 

0.1300 

0.0900 

1.4902 

0.2901 

0.1300 

0.0900 

1.3401 

0.2901 

0.1300 

0.0900 

1.2101 

0.3100 

0.1300 

0.0900 

1.0500 

0.3151 

0.1300 

0.0900 

0.9400 

0.3100 

0.1300 

0.0900 

0.8201 

0.3001 

0.1300 

0.0900 

0.6800 

0.2901 

0.1300 

0.0900 

0.6101 

0.2901 

0.1300 

0.0900 

1 

2702 

0.5500 

0.2901 

0.1300 

0.0900 

1 

2202 

0.4900 

0.2700 

0.1300 

0.0900 

1 

0701 

0.4551 

0.2251 

0.1300 

0.0900 

0 

8201 

0.4451 

0.2100 

0.1300 

0.0900 

0 

6201 

0.4400 

0.2100 

0.1300 

0.0900 

0 

5900 

0.4400 

0.2001 

0.1300 

0.0900 

0 

6701 

0.4350 

0.2001 

0.1300 

0.0900 

0 

8500 

0.4250 

0.2001 

0.1300 

0.0900 

0 

9801 

0.4152 

0.1700 

0.1300 

0.0900 

0 

9601 

0.4051 

0.1351 

0.1300 

0.0900 

0 

9201 

0.4000 

0.1300 

0.1300 

0.0900 

0 

9601 

0.3950 

0.1300 

0.1300 

0.0900 

1 

0701 

0.3750 

0.1300 

0.1300 

0.0900 

1 

2301 

0.3551 

0.1300 

0.1300 

0.0900 

1 

4102 

0.3350 

0.1300 

0.1150 

0.0900 

1 

5601 



0.1300 

0.1000 



1.0171 

0.2351 

0.1285 

0.0915 

9.169 

2.190 

1.197 

0.825 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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MUD   CREEK   DISCHARGE,    CUBIC   FEET  PER   SECOND,    OCTOBER    1944-SEPTEKBER    1945. 


1 

0.0940 

0.1120 

2 

0.0940 

0.1120 

3 

0.0940 

0.1120 

4 

0.0940 

0.1120 

5 

0.1000 

0.1400 

6 

0. 1040 

0.1000 

7 

0.1040 

0.09  70 

8 

0.1080 

0.0940 

9 

0.1080 

0.0940 

10 

0.1120 

0.0940 

11 

0. 1120 

0.0940 

12 

0.1120 

0.2000 

13 

0.1120 

0.2000 

14 

0.1120 

0.1400 

15 

0.1120 

16 

0.1120 

17 

0.  1120 

18 

0.1120 

L9 

0.1120 

20 

0.1120 

21 

0.1120 

22 

0.1120 

23 

0.1120 

24 

0.1120 

J. 

0.1120 

26 

0.1120 

27 

0.1120 

28 

0.1120 

0.1120 

30 

0.1120 

SI 

0.1120 

Average    rate,    cfs 
Total  yield,    inches 


0.1080 


1.5000 

0.4000 

0.1760 

0 

1580 

1.5000 

0.3900 

0.1580 

0 

1580 

1.5000 

0.3600 

0.2000 

0 

1580 

1.5200 

0.3500 

0.2000 

0 

1580 

1.7700 

0.3400 

0.1400 

0 

1580 

1 

1400 

3.1600 

0.3400 

0.1400 

0 

1580 

1 

1800 

2.9100 

0.3300 

0.1400 

0 

1520 

1 

2300 

2.1500 

0.3300 

0.1400 

0 

1400 

1 

2  300 

1.7  700 

0.3200 

0.1300 

0 

1360 

1 

2  300 

1.6200 

0.3200 

0 . 1 300 

0 

1280 

1 

3  700 

1.5000 

0.3100 

0.1300 

0 

1240 

1 

4000 

1.3200 

0.3100 

0.2500 

0 

1160 

1 

5200 

1.1800 

0.3100 

0.2500 

0 

1120 

1 

5200 

1.0900 

0.3100 

0.2000 

0 

1160 

1 

1600 

0.9600 

0.3100 

0.2000 

0 

1160 

0 

9400 

0.8500 

0.3000 

0.1900 

0 

1200 

0 

9600 

0.7500 

0.3000 

0.1900 

0 

1240 

1 

0200 

0.6800 

0.2900 

0.2000 

0 

1280 

0 

9600 

0.6500 

0.2900 

0.4200 

0 

1280 

0 

8500 

0.6000 

0.2800 

0.3100 

0 

1320 

0 

6500 

0.5400 

0.2800 

0.1700 

0 

1320 

0 

.5900 

0.5000 

0.2800 

0.1400 

0 

1320 

0 

6000 

0.5000 

0.2700 

0 . 1  300 

0 

1320 

0 

.7500 

0.4900 

0.2700 

0.1400 

0 

1320 

1 

.0900 

0.4700 

0.2600 

0.1700 

0 

1320 

1 

2300 

0.4500 

0.2500 

0.1600 

0 

1320 

1 

3200 

0.4400 

0.2400 

0.1600 

0 

1320 

1 

4200 

0.4200 

0.2400 

0.1600 

0 

1280 

1 

.5000 

0.4200 

0.2200 

0.1600 

0 

1200 

1 

.5  700 

0.4000 

0.2100 

0.1600 

0 

1160 

1 

.5  700 



0.1900 

0.1600 



1. 1200 

0.29  70 

0 . 1 800 

0 

1340 



10.101 

2.770 

1.680 

1 

204 

Average    annual    rate : 
Total   annual  yield: 
Peak    flow: 


MUD   CREEK    DISCHARGE,    CUBIC    FEET  PER   SECOND,    OCTOBER    1945-SEPTEMBER    1946. 


1 

0.1080 

: 

0.1040 

3 

0.09  70 

4 

0.0940 

5 

0.0940 

(. 

0.0940 

7 

0.0940 

8 

0.0940 

9 

0.0940 

10 

0.0940 

il 

0.1000 

1.' 

0.1400 

l  J 

0.1400 

14 

0.1200 

15 

0.1000 

16 

0.1000 

17 

0.1000 

18 

0.0940 

19 

0.0940 

20 

0.0940 

21 

0.0940 

22 

0.0940 

.'J 

0.0940 

24 

0.0940 

25 

0.0940 

26 

0.0940 

27 

0.0940 

28 

0.0940 

29 

0.0940 

30 

0.1000 

il 

0.1400 

Average    race,    cfs 

0.1010 

Total  yield,    inches 

0.942 

1.2900 

0.8200 

0.1000 

0.2500 

0.1700 

1.1400 

0.8500 

0.1000 

0.2000 

0.1200 

1.0500 

0.9200 

0.1000 

0.2000 

0.1200 

1.1600 

0.9600 

0.1000 

0.2000 

0.1200 

1.3200 

0.9600 

0.1000 

0.2000 

0.1200 

1.5200 

0.9600 

0.1000 

0.2100 

0.1200 

1.5200 

0.9200 

0.1000 

0.2100 

0.1200 

1.5000 

0.8500 

0.1000 

0.1700 

0.1200 

1.5000 

0.7500 

0.1000 

0.1700 

0.1200 

1.2300 

0.6800 

0.1200 

0.1700 

0.1200 

1.0000 

0.6000 

0.1200 

0 . 1 700 

0.1200 

0.7300 

0.4800 

0.1200 

0.1700 

0.1200 

0.6000 

0.4500 

0.1200 

0.2000 

0.1200 

0.5700 

0.4300 

0.1200 

0.1700 

0.1200 

0.5700 

0.4200 

0.1200 

0.1700 

0.1200 

0.5700 

0.4000 

0.1300 

0.1400 

0.1700 

0.6500 

0.4000 

0 . 1 300 

0.1400 

0.2  700 

0.8800 

0.3900 

0 . 1 300 

0.1400 

0.2  700 

1.0500 

0.3600 

0.1300 

0.1400 

0.2500 

0 

9600 

1. 1400 

0.3600 

0.1300 

0 . 1 300 

0.2200 

0 

9400 

1.0900 

0.3400 

0.1300 

0.1300 

0.2200 

0 

7100 

1.1400 

0.3200 

0.1300 

0.1400 

0.2200 

0 

7100 

1.1400 

0.2900 

0.1300 

0.1300 

0.2200 

0 

7900 

1.0000 

0.3200 

0.1300 

0 . 1 300 

0.2100 

n 

9600 

0.7900 

0.3100 

0.1300 

0 . 1 300 

0.2100 

1 

1800 

0.6800 

0.2900 

0.1300 

0 . 1 300 

0.2100 

1 

4200 

0.6500 

0.2700 

0.1300 

0.1300 

0.2000 

1 

5100 

0.7500 

0.2500 

0.1300 

0.1300 

0.2000 

1 

5100 

0.9200 

0.2200 

0 . 1 300 

0.1300 

0.2000 

1 

5000 

0.8800 

0.1200 

0.1400 

0 . 1 300 

0.2000 



0.7900 



0.2000 

0 . 1 300 



0.9940 

0.5200 

0.1200 

0.1600 

0 . 1 700 

9.263 

4.713 

1.140 

1.509 

1.549 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


118 


MUD   CREEK   DISCHARGE,    CUBIC    FEET  PER   SECOND,    OCTOBER    1946-SEPTEMBER    1947. 


1 

0.2900 

2 

0.1000 

3 

0. 1000 

4 

0.1000 

5 

0.1000 

6 

0.1000 

7 

0.1000 

8 

0.0800 

9 

0.0800 

10 

0.0800 

11 

0.0800 

12 

0.0800 

13 

0.0800 

14 

0.0800 

15 

0.0800 

16 

0.0800 

17 

0.1000 

18 

0.3000 

19 

0.1700 

20 

0.1400 

21 

0.1400 

22 

0.1400 

23 

0.1000 

24 

25 

26 

27 

28 

29 

30 

31 

Average    rate,    cfs 

Total   yield,    incl 

es 

0.6800 

0.2000 

0. 

1200 

0.1100 

0.6200 

0.2000 

0 

1000 

0.1100 

0.6200 

0.2000 

0 

1000 

0.1100 

0.5700 

0.2000 

0. 

1400 

0.1100 

0.5200 

0.2000 

0 

1000 

0.1100 

0.4800 

0.1700 

II 

1000 

0.1100 

0.4500 

0.1700 

0 

1000 

0.1100 

0.4400 

0.1700 

0 

1400 

0.1100 

0.4400 

0.1400 

0 

1200 

0.1100 

1.6200 

0.4400 

0.1300 

0 

2000 

0.1000 

1.4200 

0.4400 

0.1300 

0 

1700 

0.1000 

1.2300 

0.4300 

0.1300 

0 

1400 

0.1000 

1.3700 

0.4200 

0.1300 

0 

1300 

0.1000 

1.5000 

0.4200 

0.1300 

0 

1300 

0.1000 

1.5100 

0.4200 

0.1300 

0 

1300 

0.1000 

1.4200 

0.4200 

0.1300 

0 

1300 

0.1000 

1.4200 

0.4200 

0.1100 

0 

1300 

0.1000 

1.5000 

0.4100 

0.1100 

0 

1300 

0.1000 

1.5400 

0.4000 

0.1100 

0 

1300 

0.1000 

1.6000 

0.3900 

0.1100 

0 

1100 

0.1000 

1.6  700 

0.3700 

0.1100 

0 

1100 

0.1000 

1.7200 

0.3300 

0.1100 

0 

1100 

0.1000 

1.6400 

0.3100 

0.1700 

0 

1100 

0.1000 

1.5000 

0.2900 

0.1000 

0 

1100 

0.1000 

1.3700 

0.2700 

0.1000 

0 

1100 

0.1000 

1.3700 

0.2600 

0.1000 

0 

1100 

0.0900 

1.4200 

0.2600 

0.1000 

0 

1700 

0.0900 

1.2  700 

0.2600 

0.1000 

0 

1100 

0.0900 

1.0900 

0.2500 

0.1000 

u 

1100 

0.0900 

0.9600 

0.2200 

0.0900 

0 

1100 

0.0900 

0.8500 



0.1000 

0 

1100 



0.4100 

0.1400 

0 

1200 

0.1000 

3.686 

1.265  ' 

1 

157 

0.908 

Average   annual    race: 
Total   annual  yield: 
Peak    flow: 


1 

0.1200 

0.1100 

2 

0.1200 

0.1100 

3 

0.1200 

0.1100 

4 

0.1200 

5 

0.1300 

6 

0.1200 

7 

0.1200 

8 

0.1200 

9 

0.1200 

10 

0.1200 

11 

0.1200 

12 

0.1100 

13 

0. 1100 

14 

0.1200 

15 

0.1900 

16 

0.1200 

17 

0.1100 

18 

0.1100 

19 

0.1100 

20 

0.1100 

21 

0.1100 

22 

0.1100 

23 

0.1100 

24 

0.1100 

25 

0.1100 

26 

0.1100 

27 

0.1100 

28 

0.1100 

29 

0.1100 

30 

0.1100 

31 

0.1100 

Average    rate,    cfs 

0.1200 

Total   yield,    inches 

1.102 

MUD   CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    1948-SEPTEMBER    1949. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


0.8700 
0.7100 


0.4400 
0.3700 
0.4000 
0.4700 
0.7500 

0.9200 
1 . 0000 
1.1800 
1.6400 
1.8800 

1.7700 
2.4300 
2.9400 
2.9700 
2.7900 

2.5800 
2.3200 
1.9300 
1.8300 
1.8300 

1.9300 


1800 
2600 
2600 
2100 


Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 
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MUD   CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1955-SEPTEMBER    1956. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1 

2 
i 
4 
5 

6 
7 
8 
9 
10 

11 
12 

13 
14 
15 

16 
17 
L8 
L9 
20 

21 
11 
23 
24 
25 

26 
27 
28 

29 
30 

11 

Average    rate,    cfs 
Total   yield,    inches 

Average   annual    rate: 
Total   annual  yield: 
Peak    flow: 


DAY 


0.3400 

1.1800 

0.1000 

0.1200 

0.0800 

0.3900 

1.1400 

0.1000 

0.1200 

0.0800 

0.4400 

0.9600 

0.0800 

0.1200 

0.0700 

0.5700 

0.8500 

0.0800 

0.1300 

0.0700 

0.6800 

0.7100 

0.0800 

0.1300 

0.0700 

0.7500 

0.6000 

0.0800 

0.1400 

0.0700 

0.7900 

0.5200 

0.0900 

0.1400 

0.0700 

0.7900 

0.4500 

0.0900 

0.1400 

0.0700 

0.7500 

0.4000 

0.0900 

0 . 1 300 

0.0700 

0.7100 

0.3600 

0.0900 

0.1300 

0.0700 

0.6200 

0.2900 

0.0900 

0.1200 

0.0700 

0.5400 

0.2500 

0.0900 

0.1100 

0.0700 

0.4800 

0.2500 

0.0900 

0.1000 

0.0700 

0.4600 

0.2500 

0.0900 

0.1000 

0.0700 

0.4500 

0.2200 

0.0900 

0.0900 

0.0700 

0.4800 

0.2000 

0.0900 

O.OiOu 

0.0700 

0.5400 

0.2000 

0.0900 

0.0900 

0.0700 

0.6500 

0.1400 

0.0900 

0.0900 

0.0700 

0.9200 

0.1400 

0.0900 

0.0900 

0.0700 

1.4200 

0.1200 

0.0900 

0.0900 

0.0700 

0 

5200 

1.6  700 

0.1400 

0.0900 

0.0900 

0.0700 

0 

5400 

1.9300 

0.1400 

0.0900 

0.0900 

0.0700 

0 

5800 

2.0900 

0.1400 

0.0800 

0.0900 

0.0700 

0 

5200 

2.2600 

0.1200 

0.0800 

0.0900 

0.0700 

0 

4  700 

2.3200 

0.1200 

0.0800 

0.0900 

0.0700 

0 

4600 

2.2100 

0.1200 

0.0800 

0.0900 

0.0700 

u 

4800 

2.1500 

0.1000 

0.0800 

0.0900 

0.0700 

0 

4400 

1.8800 

0.1000 

0.0900 

0.0900 

0.0700 

u 

3600 

1.5700 

0.1000 

0.1000 

0.0900 

0.0700 

0 

3400 

1.4200 

0.1000 

0.1100 

0.0900 

0.0700 



1.2700 



0.1100 

0.08UU 



1.0800 

0.3500 

0.0920 

0.1100 

0.0700 

10.079 

3.130 

0.856 

0.998 

0.624 

MUD   CREEK   DISCHARGE,    CUBIC   FEET  PERSSECOND,   OCTOBER    1956-SEPTEMBER    1957. 


1 

0.0700 

0.1000 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.5700 

2.0500 

0.2700        0.1300 

2 

0.0700 

0.0800 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.5900 

2.2200 

0.2500        0.1200 

3 

0.0700 

0.0800 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.6100 

2.4700 

0.2100        0.1200 

4 

0.0700 

0.0800 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.6300 

2.7000 

0.1200 

5 

0.0700 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.6500 

2.9100 

0.1200 

t 

0.0700 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.6  700 

3.1100 

0.1200 

1 

0.0700 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.7000 

2.9800 

0.1000 

B 

0.0700 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.7200 

2.5800 

0.1000 

'< 

0.0700 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.1100 

0.7400 

2.3400 

0.1000 

10 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0 . 1  300 

0.7600 

2.4600 

0.1000 

11 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.1500 

0.7800 

2.2300 

0.1000 

0.0900 

12 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.1700 

0.8000 

1.9100 

0.1000 

0.0900 

1  i 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.1900 

0.8200 

1.7000 

0.1000 

0.0800 

14 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.2100 

0.8400 

1.4700 

0.1000 

0.0900 

lb 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.2300 

0.8700 

1.2500 

0.1000 

0.0900 

16 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.2500 

0.8900 

1.0400 

0.1100 

0.0900 

17 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.2700 

0.9100 

0.8700 

0.1000 

0.0900 

L8 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.3000 

0.9300 

0.7500 

0. 1000 

0.1000 

19 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.3200 

0.9500 

0.7400 

0.1000 

0.1000 

20 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.3400 

0.9700 

0.7500 

0.1000 

0.1000 

.'i 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.3600 

0.9900 

0.7500 

0.1200 

0.0900 

11 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.3800 

1.0100 

0.7000 

0.1000 

0.0900 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.4000 

1.0300 

0.6300 

0.1000 

0.0900 

24 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.4200 

1.0600 

0.5300 

0.1000 

0.0900 

25 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.4400 

1.0800 

0.4500 

0.1000 

0.0900 

26 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.4600 

1. 1000 

0.4100 

0.1000 

0.0900 

27 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.4900 

1.1200 

0. 3500 

0.0900 

0.0900 

28 

0.0700 

0.0700 

0.0800 

0.0800 

0.0800 

0.0800 

0.5100 

1.1400 

0.3200 

0.0900 

0.0900 

l" 

0.0700 

0.0700 

0.0800 

0.0800 



0.0800 

0.5300 

1.3700 

0.2900 

0.1000 

0.0900 

si.i 

0.0700 

0.0700 

0.0800 

0.0800 



0.0800 

0.5500 

1.5800 

0.2700 

0.0900 

0.0900 

31 

0.0700 



0.0800 

0.0800 



0.0800 



1.8800 





r.ite,    cfi 

0.0700 

0.0700 

0.0800 

0.0800 

0.0700 

0.0800 

0.2600 

0.9300 

1.4400 

Total   y 

ield,    incl 

es        0.631 

0.655 

0.705 

0.745 

0.741 

0.745 

2.371 

8.647 

12.987 

Average    annual    rate: 
Total   annual   yield: 
Peak    flow: 
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MUD   CREEK   DISCHARGE,    CUBIC   FEET  PER  SECOND,    OCTOBER    1957-SEPTEMBEK    1958. 


1 

0.1000 

0.0800 

0.0900 

0.0800 

0.0800 

0.0800 

1.8900 

0.1400 

0.1200 

0.0900 

2 

0.1000 

0.2200 

0.0900 

0.0800 

0.0800 

0.0800 

1.8200 

0 .  1  300 

0.1200 

0.0900 

3 

0.1000 

0.0800 

0.0900 

0.0800 

0.1  600 

0.0800 

1.6800 

0.1300 

0.1300 

0.0900 

4 

0.0900 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

1 . 5400 

0.4000 

0.1300 

0.0900 

5 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

1.3  00 

0.1300 

0.1400 

0.0900 

6 

0.1000 

0.0800 

0.0900 

0.0800 

0.0800 

0.0800 

1.2900 

0.1200 

0.1400 

0.0900 

7 

0.1000 

0.0800 

0.0900 

0.0800 

0.0800 

0.0800 

1.2100 

0.1200 

0.1500 

0.0900 

8 

0.0900 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

1.0400 

0.1200 

0.1600 

0.0900 

9 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

0.9200 

0.1200 

0.1800 

0.0900 

10 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

0.0900 

0.8400 

0.1200 

0.1600 

0.0800 

11 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

1.0000 

0.6900 

0.1200 

0.1600 

0.0800 

12 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

1.0000 

0.6200 

0.1100 

0.1500 

0.0900 

13 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.0800 

0.7000 

0.5200 

0.1200 

0.1500 

0.0800 

14 

0.1000 

0.1400 

0.0900 

0.0800 

0.0800 

0.0800 

0.6000 

0.4400 

0.1200 

0.1600 

0.0800 

15 

0.1000 

0.0900 

0.0900 

0.0800 

0.0800 

0.5600 

0.4100 

0.1200 

0.1600 

0.0800 

16 

0.1000 

0.0700 

0.0900 

0.0800 

0.0800 

0.6900 

0.3700 

0.1200 

0.1500 

0.0800 

17 

0.0900 

0.0700 

0.0900 

0.0800 

0.0800 

0.9800 

0.3400 

0.1200 

0.1400 

0.0800 

18 

0.0900 

0.0900 

0.0900 

0.0800 

0.0800 

1.2500 

0.3000 

0.1300 

0.1300 

0.0800 

19 

0.0900 

0.1000 

0.0900 

0.0800 

0.0800 

1.5200 

0.2700 

0.1200 

0.1200 

0.0700 

20 

0.0900 

0.1000 

0.0900 

0.0800 

0.0800 

1.8900 

0.2400 

0.1200 

0.1000 

0.0700 

21 

0.0900 

0.1000 

0.0900 

0.0800 

0.0800 

2.2200 

0.2100 

0.1400 

0.0900 

0.0700 

22 

0.0900 

0.0900 

0.0800 

0.0800 

0.0800 

2.3500 

0.1900 

0.1400 

0.0900 

0.0700 

23 

0.0900 

0.0900 

0.0800 

0.0800 

0.0800 

2.4900 

0.1800 

0.1500 

0.0900 

0.0700 

24 

0.1000 

0.0900 

0.0800 

0.0800 

0.0800 

2.6  700 

0.1800 

0.1400 

0.0900 

0.0700 

25 

0.0900 

0.0900 

0.0800 

0.0800 

0.0800 

2.7000 

0.1800 

0.1200 

0.0800 

0.0700 

26 

0.0900 

0.0900 

0.0800 

0.0800 

0.0800 

2.8500 

0.1600 

0.1200 

0.0800 

0.0700 

27 

0.0800 

0.0900 

0.0800 

0.0800 

0.0800 

2.9400 

0.1400 

0.1200 

0.0800 

0.0700 

28 

0.0800 

0.0900 

0.0800 

0.0800 

0.0800 

2.8500 

0.1400 

0.1200 

0.0900 

0.0700 

29 

0.0800 

0.0900 

0.0800 

0.0800 



2.6600 

0.1400 

0.1200 

0.0900 

0.0700 

30 

0.0800 

0.0900 

0.0800 

0.0800 



2.4300 

0.1400 

0.1300 

0.0900 

0.0700 

31 

0.0800 



0.0800 

0.0800 



2.1100 



0.1300 

0.0900 



Average    rate,    cfs 

0.0900 

0.0900 

0.0900 

0.0800 

0.0800 

1.4800 

0.6500 

0.1200 

0.1200 

0.0800 

Total   yield,    inches 

0.872 

0.820 

0.840 

0.792 

0.715 

13.795 

5.849 

1.  163 

1.150 

0.703 

Average    annual    race: 
Total   annual  yield: 
Peak    flow: 


MUD   CREEK   DISCHARGE,    CUBIC    FEET  PER  SECOND,    OCTOBER    1958-SEPTEMBER   1959. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE 


1 

0.0700 

2 

0.0700 

3 

0.0700 

4 

0.0700 

5 

0.0700 

6 

0.0700 

7 

0.0700 

8 

0.0700 

9 

0.0700 

10 

0.0700 

11 

0.0700 

12 

0.0700 

13 

0.0700 

14 

0.0700 

15 

0.0700 

16 

0.0700 

17 

0.0700 

18 

0.0700 

19 

0.0700 

20 

0.0700 

21 

0.0700 

22 

0.0700 

23 

0.0700 

24 

0.0700 

25 

0.0700 

26 

0.0700 

27 

0.0700 

28 

0.0700 

29 

0.0700 

30 

0.0700 

31 

0.0700 

Average    rate,    cfs 

0.0700 

Total  yield,    inches 

0.650 

0 . 1 300 

0.0900 

0.0800 

0.1200 

0.0900 

0.0800 

0.1200 

0.0900 

0.0800 

0.1100 

0.0800 

0.0800 

0.1100 

0.0700 

0.0800 

0.1100 

0.0800 

0.0800 

0.1000 

0.0800 

0.0800 

0.1000 

0.0800 

0.0800 

0.0900 

0.0800 

0.0700 

0.0800 

0.0800 

0.0700 

0.0800 

0.0900 

0.0700 

0.0800 

0.1000 

0.0700 

0.0800 

0.1000 

0.0700 

0.0800 

0.0900 

0.0800 

0.0900 

0.1000 

0.0900 

0.0800 

0.1000 

0.0900 

0 

3200 

0.0800 

0.1000 

0.0900 

LI 

3000 

0.0800 

0.1000 

0.0800 

c 

2400 

0.0800 

0.1100 

0.1000 

D 

2000 

0.0900 

0.1000 

0.0900 

0 

1800 

0.0900 

0.0900 

0.0900 

0 

1800 

0.1000 

0.0900 

0.0800 

0 

1600 

0.0900 

0.0900 

0.0800 

0 

1600 

0.1000 

0.0900 

0.0800 

0 

1500 

0.1000 

0.0900 

0.1000 

0 

1600 

0.1000 

0.0900 

0.0900 

. 

1700 

0.1000 

0.0900 

0.0800 

0 

1400 

0.0900 

0.0900 

0.0800 

0 

1400 

0.0900 

0.0900 

0.0700 

u 

1300 

0.0900 

0.0900 

0.0700 



0.0900 

0.0900 



0.1000 

0.0900 

0.0800 

0.896 

0.842 

0.730 

Average   annual   rate: 
Total   annual  yield: 
Peak    flow: 
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West  Chicken 

West  Chicken  Creek  drains  218  acres  with  an  eleva- 
tional  range  of  7,550  to  8,396  feet.  It  has  a  northwest 
aspect,  an  average  slope  of  20  percent,  and  an  average 
stream  gradient  of  7  percent  (fig.  14).  In  1965,  a  3-foot 
"H"  flume  was  installed  in  the  dense  clays  at  the 
mouths  of  this  and  the  companion  watershed,  East 
Chicken  Creek.  Streamflow  records  began  in  water  year 
1966.  This  catchment  is  drained  by  a  single  well-defined 
channel  with  many  ill-defined  intermittent  tributaries. 
On  the  main  channel,  beavers  have  constructed  a 
number  of  dams,  some  of  which  show  signs  of  recent 
activity. 

Unlike  the  lower  Farmington  Canyon  drainages,  rock 
outcrops  exist  only  along  the  high  northeast  boundary 
of  the  Chicken  Creek  catchments,  although  the  same 
metamorphic  group  is  the  predominant  rock  type.  Also 
present  atop  these  Precambrian  rocks  is  a  younger 
series  of  sedimentaries:  shales,  siltstones,  sandstones, 
and  conglomerates.  A  soil  survey  estimated  that  approx- 
imately 84  percent  of  the  soils  on  West  Chicken  water- 
shed are  cryoborolls  and  most  of  the  remainder  are 
cryochrepts  (Johnston  and  Doty  1972). 

West  Chicken  Creek  supports  dense  aspen  stands  on 
two-thirds  of  its  area.  Sagebrush  and  mountain  brush 
(snowberry,  chokeberry,  and  serviceberry)  are  found  on 


about  15  percent  of  the  land,  and  conifers  (Douglas-fir 
and  subalpine  fir)  occupy  about  4  percent.  Grasses  and 
forbs  and  wet  meadow  vegetation  comprise  about  15 
percent  of  the  ground  cover  (Johnston  and  Doty  1972). 
For  a  more  detailed  description  of  the  Chicken  Creek 
watersheds,  the  reader  is  referred  to  "Description  and 
Hydrologic  Analysis  of  Two  Small  Watersheds  in  Utah's 
Wasatch  Mountains"  by  Johnston  and  Doty  (1972). 

East  Chicken 

East  Chicken  Creek  is  the  companion  watershed  to 
West  Chicken  Creek  at  the  headwaters  of  the 
Farmington  Canyon  drainage.  It  is  northwest-facing, 
consists  of  137  acres,  has  a  relatively  gentle  average 
slope  of  24  percent,  and  about  2,500  feet  of  stream  chan- 
nel with  an  average  slope  of  only  8  percent  (fig.  14).  Like 
West  Chicken,  it  was  gaged  with  a  3-foot  "H"  flume  in 
1965  and  streamflow  records  commence  in  water  year 
1966. 

The  soils,  geology,  and  vegetation  on  both  Chicken 
Creek  watersheds  are  quite  similar.  These  and  other 
features  are  well  described  in  Johnston  and  Doty  (1972). 
In  short,  the  vegetal  cover  on  the  east  branch  consists 
of  64  percent  aspen,  12  percent  grass-forb, 
7  percent  mountain  brush,  15  percent  sagebrush,  2  per- 
cent conifer,  and  1  percent  wet  meadow. 


EAST  CHICKEN  CREEK 


LEGEND 

—  Wottrthed     Boundary 

Gaging     Station 
Road 


Stream 


1*o 


WEST  CHICKEN   CREEK 


Figure  14.— Topographic  map  of  Chicken 
Creek  watersheds. 
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DAY 


CHICKEN  CREEK  (WEST)  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1965-SEPTEMBER  1966. 
OCT      NOV       DEC      JAN       FEB      MAR      APR      MAY      JUNE      JULY 


1 

0.0247 

0.0353 

0.0564 

0.0509 

0.0424 

0.0491 

0.3453 

1.8676 

0.2911 

0.0423 

0.0086 

0.0173 

2 

0.0247 

0.0360 

0.0564 

0.0491 

0.0432 

0.0491 

0.3977 

2.1256 

0.2599 

0.0323 

0.0091 

0.0116 

3 

0.0247 

0.0360 

0.0564 

0.0515 

0.0445 

0.0491 

0.4595 

2.3553 

0.2398 

0.0308 

0.0134 

0.0100 

4 

0.0247 

0.0375 

0.0564 

0.0548 

0.0491 

0.0491 

0.5260 

2.4786 

0.2283 

0.0275 

0.0070 

0.0081 

5 

0.0247 

■  0.0363 

0.0536 

0.0502 

0.0491 

0.0491 

0.6599 

2.4  34  7 

0.2144 

0.024  i 

0.0099 

0.0072 

6 

0.0247 

0.0368 

0.0396 

0.0497 

0.0491 

0.0491 

0.7612 

2.2815 

0.20  15 

0.0240 

0.0094 

0.0073 

7 

0.0247 

0.0360 

0.0360 

0.0498 

0.0491 

0.0491 

1.0146 

2.0745 

0.1895 

0.0205 

0.0086 

0.0061 

8 

0.0247 

0.0360 

0.0360 

0.0534 

0.0491 

0.0491 

1.3579 

1.7770 

0.1860 

0.0184 

0.0077 

0.0059 

9 

0.0247 

0.0360 

0.0533 

0.0562 

0.0491 

0.0491 

1.5379 

1.7969 

0.1774 

0.0197 

0.0051 

0.0054 

10 

0.0247 

0.0364 

0.0736 

0.0564 

0.0491 

0.0491 

1.2791 

4.1862 

0.1731 

0.0238 

0.0029 

0.0070 

11 

0.0247 

0.0360 

0.0724 

0.0529 

0.0491 

0.0491 

0.9462 

2.8520 

0.1579 

0.0222 

0.0017 

0.0089 

12 

0.0247 

0.0442 

0.0720 

0.0528 

0.0491 

0.0491 

0.7633 

2.0958 

0.1461 

0.0176 

0.0007 

0.0059 

13 

0.0247 

0.0517 

0.0727 

0.0564 

0.0491 

0.0491 

0.6986 

1.6817 

0.1341 

0.0158 

0.0002 

0.0062 

14 

0.0315 

0.0561 

0.0970 

0.0792 

0.0491 

0.0491 

0.7924 

1.3971 

0.1234 

0.0117 

0.0002 

0.0494 

15 

0.0338 

0.0564 

0.0999 

0.0600 

0.0491 

0.0491 

L.07  i8 

1.1876 

0.1133 

0.0097 

0.0001 

0.0172 

16 

0.0261 

0.0564 

0.1160 

0.0674 

0.0491 

0.0491 

1.4805 

1.0361 

0.1044 

0.0128 

0.0014 

0.0092 

17 

0.0247 

0.0564 

0.1314 

0.0627 

0.0491 

0.0491 

1.6001 

1.0444 

0.1000 

0.0108 

0.0044 

0.0086 

18 

0.0253 

0.0564 

0.1221 

0.0561 

0.0491 

0.0491 

1.3919 

1.0713 

0.0910 

0.0109 

0.0054 

0.0080 

19 

0.0247 

0.0564 

0.0954 

0.0622 

0.0491 

0.0491 

1.1071 

0.9663 

0.0802 

0.0090 

0.0064 

0.0073 

20 

0.0247 

0.0564 

0.0716 

0.0564 

0.0491 

0.0491 

0.9309 

0.8738 

0.0742 

0.0078 

0.0068 

0.0077 

21 

0.0299 

0.0564 

0.0578 

0.0647 

0.0491 

0.0491 

0.8409 

0.8021 

0.0767 

0.0080 

0.0060 

0.0094 

22 

0.0301 

0.0564 

0.0684 

0.0491 

0.0491 

0.0491 

0.7709 

0.7398 

0.0764 

0.0085 

0.0074 

0.0081 

23 

0.0301 

0.0564 

0.0641 

0.0491 

0.0491 

0.0491 

0.7367 

0.6702 

0.0687 

0.0086 

0.0064 

0.0089 

24 

0.0301 

0.0564 

0.1100 

0.0497 

0.0491 

0.0491 

0.8945 

0.6022 

0.0633 

0.0135 

0.0064 

0.0097 

25 

0.0301 

0.0564 

0.1100 

0.0491 

0.0491 

0.0715 

1.2799 

0.5505 

0.0587 

0.0114 

0.0058 

0.0098 

26 

0.0357 

0.0564 

0.1100 

0.0491 

0.0491 

0.0988 

1.6934 

0.4988 

0.0524 

0.0074 

0.0051 

0.0075 

27 

0.0360 

0.0564 

0.1100 

0.0484 

0.0491 

0.1301 

1.4683 

0.4609 

0.0458 

0.0060 

0.0065 

0.0091 

28 

0.0404 

0.0564 

0.0671 

0.0452 

0.0491 

0.1654 

1.3481 

0.4205 

0.0421 

0.0064 

0.0066 

0.0103 

29 

0.0315 

0.0564 

0.0573 

0.0483 



0.2047 

1.4778 

0.3858 

0.0377 

0.0054 

0.0046 

0.0098 

30 

0.0360 

0.0564 

0.0568 

0.0488 



0.2477 

1.6558 

0.3464 

0.0379 

0.0066 

0.0035 

0.0091 

31 

0.0354 



0.0576 

0.0484 



0.2946 



0.3124 



0.0090 

0.007  3 



Average 

rate,  cfs 

0.0283 

0.0484 

0.0754 

0.0541 

0.0485 

0.0771 

1.04  31 

1.3991 

0.1282 

0.0156 

0.0056 

0.0102 

Total  y 

ield,  incl 

es   0.100 

0.160 

0.250 

0.180 

0.150 

0.260 

3.410 

4.730 

0.420 

0.050 

0.020 

0.030 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2456  cfs 
9.780  area  inches 


CHICKEN  CREEK  (WEST)  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1966-SEPTEMBER  1967. 
OCT      NOV       DEC      JAN      FEB       MAR      APR      MAY      JUNE      JULY 


1 

0.0093 

0.0113 

0.0247 

0.0256 

0.0360 

0.0457 

0.0960 

0.1179 

4.0304 

0.3310 

0.0289 

0.0090 

2 

0.0219 

0.0092 

0.0256 

0.0247 

0.0356 

0.0491 

0.1014 

0.1130 

3.8285 

0.2909 

0.0284 

0.0077 

3 

0.0199 

0.0171 

0.0404 

0.0247 

0.0359 

0.0486 

0.1420 

0.1105 

3.5546 

0.2709 

0.0245 

0.0081 

4 

0.0110 

0.0132 

0.0488 

0.0246 

0.0360 

0.0475 

0.1578 

0.1302 

3.0655 

0.2515 

0.0231 

0.0084 

5 

0.0123 

0.0142 

0.0410 

0.0261 

0.0360 

0.0435 

0.1387 

0.1875 

2.6064 

0.2144 

0.0220 

0.0120 

6 

0.0098 

0.0138 

0.0332 

0.0297 

0.0  160 

0.0424 

0.1524 

0.3295 

2.1951 

0.2234 

0.0290 

0.0123 

7 

0.0116 

0.0182 

0.0313 

0.0296 

0.0360 

0.0423 

0.1744 

0.7005 

2.0186 

0.2034 

0.0251 

0.0097 

8 

0.0115 

0.0402 

0.0328 

0.0285 

0.0360 

0.0454 

0.1674 

1.3928 

1.7461 

0.1795 

0.0213 

0.0178 

9 

0.01 1 1 

0.0956 

0.0301 

0.0289 

0.0360 

0.0498 

0.1795 

2.0700 

1.4467 

0.1630 

0.0191 

0.0318 

10 

0.0114 

0.0542 

0.0310 

0.0288 

0.0381 

0.0509 

0.1831 

2.1711 

1.2876 

0.1450 

0.0176 

0.0131 

11 

0.0160 

0.0391 

0.0300 

0.0284 

0.0361 

0.0500 

0.1881 

1.1101 

1.2025 

0.1319 

0.0172 

0.0095 

12 

0.0364 

0.0294 

0.0301 

0.0301 

0.0407 

0.0492 

0.1807 

0.7538 

1.4185 

0.1219 

0.0159 

0.0123 

13 

0.0632 

0.0306 

0.0301 

0.0301 

0.0406 

0.0491 

0.1945 

0.5823 

1.7230 

0.1093 

0.0152 

0.0121 

14 

0.0296 

0.0354 

0.0301 

0.0301 

0.0408 

0.0482 

0.1805 

0.4976 

1.6034 

0.1025 

0.0142 

0.0415 

15 

0.0334 

0.0459 

0.0301 

0.0300 

0.0385 

0.0651 

0.1585 

0.6738 

1.4203 

0.0976 

0.0126 

0.0071 

16 

0.0288 

0.0689 

0.0297 

0.0314 

0.0363 

0.1635 

0.1523 

1.4178 

1.3051 

0.1494 

0.0168 

0.0081 

17 

0.0295 

0.0561 

0.0294 

0.0301 

0.0366 

0.1659 

0.1769 

2.6671 

1.1471 

0.1121 

0.0090 

0.0103 

18 

0.0187 

0.0488 

0.0293 

0.0305 

0.0362 

0.1268 

0.2051 

4.3207 

1.0031 

0.0972 

0.0110 

0.0073 

19 

0.0264 

0.0435 

0.0259 

0.0313 

0.0360 

0.1034 

0.1849 

4.7158 

0.9179 

0.0874 

0.0171 

0.0077 

20 

0.0285 

0.0641 

0.0285 

0.0341 

0.0360 

0.0946 

0.1711 

5.1715 

0.9518 

0.0795 

0.0135 

0.0107 

21 

0.0244 

0.1494 

0.0248 

0.0341 

0.0361 

0.1034 

0.1592 

6.0994 

0.8044 

0.0699 

0.0098 

0.0104 

22 

0.0235 

0.0714 

0.0253 

0.0348 

0.0367 

0.1161 

0.1508 

7.1546 

0.7897 

0.0614 

0.0117 

0.0191 

23 

0.0171 

0.0517 

0.0259 

0.0358 

0.0365 

0.1125 

0.1403 

8.3005 

0.8099 

0.0580 

0.0107 

0.0140 

24 

0.0168 

0.0491 

0.0247 

0.0358 

0.0372 

0.1071 

0.1435 

8.7775 

0.7371 

0.0565 

0.0095 

0.0117 

25 

0.0154 

0.0817 

0.0247 

0.0358 

0.0377 

0.1015 

0.1820 

7.3129 

0.6510 

0.0595 

0.0084 

0.0128 

26 

0.0154 

0.1100 

0.0238 

0.0359 

0.0360 

0.10  18 

0.1814 

6.4  5  34 

0.5757 

0.0446 

0.0091 

0.0117 

27 

0.0153 

0.1100 

0.0247 

0.0356 

0.0378 

0.1273 

0.1524 

6.6412 

0.5086 

0.0463 

0.0087 

0.0112 

28 

0.0149 

0.1074 

0.0269 

0.0360 

0.0390 

0.1415 

0.1407 

5.4715 

0.4829 

0.0405 

0.0096 

0.0136 

29 

0.0122 

0.0709 

0.0299 

0.0360 



0.1254 

0.1260 

5.7481 

0.4152 

0.0354 

0.0130 

0.0101 

30 

0.0132 

0.0247 

0.024  5 

0.0359 



0.1125 

0.1205 

5.7931 

0.3737 

0.0336 

0.0109 

0.0348 

31 

0.0138 



0.0245 

0.0360 



0.1030 



4.6910 



0.0265 

0.0087 



Average  rate,  cfs 

0.0201 

0.0525 

0.0294 

0.0314 

0.0370 

0.0850 

0.1594 

3.2799 

1.4873 

0.1256 

0.0158 

0.01 35 

Total  yield,  inches 

0.070 

0.170 

0.100 

0.110 

0.120 

0.290 

0.520 

11.090 

4.870 

0.420 

0.050 

0.040 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.4484  cfs 
17.860  area  inches 
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DAY 


CHICKEN   CREEK    (WEST)    DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER   1967-SEPTEMBER    1968. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

0.0463 

0.0307 

0.0260 

0.1385 

0.0301 

0.0832 

0.5494 

2.0538 

4.0905 

0.1787 

0.0158 

0.0297 

2 

0.0838 

0.0267 

0.0451 

0.0746 

0.0301 

0.0810 

0.4814 

2.4748 

4.0876 

0.1588 

0.0206 

0.0255 

3 

0.0165 

0.0276 

0.0251 

0.0449 

0.0306 

0.0775 

0.3150 

2.8063 

4.0200 

0.1462 

0.0225 

0.0263 

. 

0.014  i 

0.0227 

0.0289 

0.0394 

0.0301 

0.0798 

0.2571 

3.1042 

3.9500 

0.1328 

0.0382 

0.0264 

5 

0.1261 

0.0255 

0.0282 

0.0360 

0.0301 

0.0840 

0.2369 

3.9204 

3.8808 

0.1219 

0.0171 

0.0251 

6 

0.0727 

m.ii.:4h 

0.0290 

0.0357 

0.0301 

0.0843 

0.2063 

2.7395 

3.4930 

0.1147 

0.0155 

0.0258 

/ 

0.0297 

0.0208 

0.0312 

0.0375 

0.0321 

0.0806 

0.1843 

2.1731 

3.1137 

0.1009 

0.0147 

0.0227 

H 

0.0210 

0.0217 

0.0313 

0.0360 

0.0331 

0.0733 

0.1668 

2.6792 

2.7031 

0.0944 

0.0170 

0.0222 

9 

0.0204 

0.0230 

0.0487 

0.0360 

0.0308 

0.0719 

0.1623 

3.2713 

2.3211 

0.0905 

0.0363 

0.0206 

10 

0.0186 

0.0243 

0.0326 

0.0346 

0.0344 

0.0679 

0.2106 

3.4027 

1.9700 

0.0817 

0.0151 

0.0206 

11 

0.0147 

0.0232 

0.0301 

0.0351 

0.0336 

0.064  3 

0.3049 

3.3754 

1.6496 

0.0761 

0.0185 

0.0190 

1: 

0.0143 

0.0224 

0.0334 

0.0332 

0.0304 

0.0642 

0.4248 

3.6414 

1.3796 

0.0793 

0.0162 

0.0209 

i  j 

0.0147 

0.0209 

0.0603 

0.0324 

0.0314 

0.0643 

0.4152 

3.5449 

1.1321 

0.0574 

0.0205 

0.0199 

ii 

0.0145 

0.0218 

0.0559 

0.0324 

0.0301 

0.0640 

0.3452 

3.0721 

1.0164 

0.0528 

0.0907 

0.0346 

15 

0.0165 

0.0199 

0.0414 

0.0330 

0.0301 

0.0618 

0.3631 

3.0954 

0.8914 

0.0489 

0.0650 

0.0131 

16 

0.0161 

0.0195 

0.0300 

0.0318 

0.0301 

0.0628 

0.3789 

3.1568 

0.7826 

0.0415 

0.0237 

0.0157 

17 

0.0164 

0.0206 

0.0272 

0.0303 

0.0301 

0.0630 

0.3391 

3.2189 

0.6910 

0.0400 

0.1930 

0.0189 

L8 

0.0175 

0.0203 

0.0280 

0.0303 

0.0320 

0.0594 

0.2999 

3.2816 

0.6200 

0.0388 

0.1274 

0.0192 

14 

0.0178 

0.0209 

0.0287 

0.0301 

0.0312 

0.0609 

0.2706 

3.3449 

0.5511 

0.0372 

0.1865 

0.0176 

20 

0.0154 

0.0233 

0.0301 

0.0301 

0.1978 

0.0566 

0.2552 

3.4089 

0.4843 

0.0304 

0.0447 

0.0524 

21 

0.0154 

0.0338 

0.0301 

0.0301 

0.2407 

0.0564 

0.2346 

3.4735 

0.4332 

0.0280 

0.0331 

0.0533 

22 

0.0165 

0.0367 

0.0301 

0.0301 

0.2903 

0.0593 

0.2156 

3.5388 

0.3960 

0.0295 

0.3274 

0.0443 

23 

0.0176 

0.0248 

0.0301 

0.0301 

0.1565 

0.0667 

0.2094 

3.6048 

0.3793 

0.0289 

0.1604 

0.0580 

24 

0.0180 

0.0363 

0.0301 

0.0303 

0.1579 

0.0740 

0.2048 

3.6714 

0.3501 

0.0269 

0.0820 

0.0493 

J;i 

0.0181 

0.0301 

0.0305 

0.0303 

0.1296 

0.0811 

0.1916 

3.7386 

0.3078 

0.0227 

0.0576 

0.0420 

26 

0.0189 

0.0948 

0.0360 

0.0302 

0.1101 

0.0868 

0.1793 

3.8065 

0.2727 

0.0269 

0.0480 

0.0358 

27 

0.0171 

0.2266 

0.0360 

0.0319 

0.0942 

0.0828 

0.1778 

3.8750 

0.2402 

0.0222 

0.0502 

0.0356 

JK 

0.0244 

0.06  32 

0.0362 

0.0304 

0.0885 

0.1060 

0.2319 

3.9443 

0.2044 

0.0170 

0.0432 

0.0314 

29 

0.0248 

0.0237 

0.0529 

0.0303 

0.0835 

0.1954 

0.5076 

4.0141 

0.1991 

0.0170 

0.0380 

0.0313 

30 

0.0317 

0.0253 

0.0832 

0.0301 



0.3399 

1.0748 

4.0846 

0.1893 

0.0158 

0.0360 

0.0304 

31 

0.0324 



0.1442 

0.0304 



0.4531 



4.1558 



0.0169 

0.0318 



Avera 

ge    race,    cfs 

0.0272 

0.0352 

0.0397 

0.0376 

0.0738 

0.0970 

0.3131 

3.3443 

1.5267 

0.0636 

0.0615 

0.0296 

Total 

yield,    inches 

0.090 

0.120 

0.130 

0.130 

0.230 

0.330 

1.020 

11.310 

5.000 

0.220 

0.210 

0.100 

Average   annual    rate: 
Total    annual    yield: 
Peak    flow: 


0.4729   cfs 
18.88   area    inches 


CHICKEN    CREEK    (WEST)    DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER   1 968-SEPTEMBER   1969. 


1 

0.0293 

0.0811 

0.0947 

0.0888 

0.0970 

0.0811 

0.6104 

4.2665 

0.6970 

0.8803 

0.0526 

0.0114 

1 

0.0304 

0.0796 

0.0925 

0.0889 

0.0932 

0.0811 

0.7551 

4.7605 

0.6330 

0.7287 

0.0498 

0.0123 

3 

0.0308 

0.0849 

0.0917 

0.0871 

0.0909 

0.0811 

0.7699 

5.1171 

0.5880 

0.6264 

0.0514 

0.0117 

4 

0.0300 

0.0971 

0.0939 

0.0865 

0.0905 

0.0811 

0.8443 

5.5865 

0.5427 

0.5520 

0.0471 

0.0116 

j 

0.0296 

0.0817 

0.0935 

0.0869 

0.0903 

0.0811 

1.1370 

6.6121 

0.5011 

0.4935 

0.0409 

0.0116 

>■ 

0.0265 

0.0816 

0.0913 

0.0870 

0.0905 

0.0811 

1.104  3 

8.4451 

0.4  74  5 

0.4549 

0.0394 

0.0116 

7 

0.0301 

0.0815 

0.0903 

0.0893 

0.0907 

0.0811 

0.8422 

9.0850 

0.4412 

0.4208 

0.0352 

0.0116 

8 

0.0303 

0.0772 

0.0903 

0.0899 

0.0903 

0.0811 

0.6744 

8.0971 

0.4110 

0.3776 

0.0313 

0.0160 

9 

0.0297 

0.4437 

0.0882 

0.0895 

0.0903 

0.0811 

0.5943 

7.7102 

0.3821 

0.34  30 

0.0283 

0.0217 

lu 

0.0227 

0.2881 

0.0881 

0.0875 

0.0901 

0.0811 

i.  > 

7.5369 

0.3679 

0.3088 

0.0283 

0.0217 

1  1 

0.0284 

0.2234 

0.0935 

0.0832 

0.0903 

0.0811 

0.6763 

7.0522 

0.3424 

0.2795 

0.0290 

0.0170 

L2 

0.0291 

0.2005 

0.0903 

0.081 7 

0.0900 

0.0825 

0.7882 

6.6465 

0.3092 

0.3535 

0.0359 

0.0151 

1  i 

0.0401 

0.1785 

0.084  7 

0.0949 

0.0896 

0.0810 

0.8570 

6.3256 

0.2879 

0.4850 

0.0283 

0.0126 

1  '. 

1.3927 

0.1522 

0.0833 

0.1082 

0.0886 

0.0804 

0.7949 

5.8963 

0.2741 

0.4839 

0.0229 

0.0134 

L5 

0 .61  J  5 

0.  1  356 

0.0836 

0.1006 

0.0886 

0.0806 

0.7  784 

5.2297 

0.3459 

0.3568 

0.0221 

0.0107 

16 

0. 3108 

0.1274 

0.0857 

0.0957 

0.0849 

0.0819 

0.6938 

4.3199 

0.3946 

0.1821 

0.0221 

0.0120 

17 

0.2173 

0.1214 

0.0837 

0.0920 

0.0815 

0.0863 

0.6681 

3.9510 

0.3274 

0.1637 

0.0261 

0.0116 

18 

0.1837 

0.1208 

0.0866 

0.090  3 

0.0856 

0.0880 

0.7171 

3.6637 

0.2844 

0.1481 

0.0285 

0.0114 

19 

0.1599 

0.1204 

0.0890 

0.0968 

0.0849 

0.0839 

0.7627 

3.3122 

0.2504 

0.1399 

0.0218 

0.0130 

20 

0.1442 

0.1182 

0.0865 

0.0984 

0.0813 

0.0811 

1.0113 

2.8515 

0.2376 

0.1298 

0.0216 

0.0114 

2] 

0.1285 

0.1100 

0.0846 

0.0976 

0.0811 

0.0821 

1.7355 

2.4136 

0.2288 

0.1165 

0.0175 

0.0205 

22 

0.1116 

0.1060 

0.0813 

0.1001 

0.0813 

0.0870 

2.6020 

2.0940 

0.2142 

0.1022 

0.0232 

0.0190 

.'  i 

0.1009 

0.1132 

0.0815 

0.0962 

0.0811 

0.0918 

3.7562 

1.8442 

0.2445 

0.0925 

0.0152 

0.0183 

0.0928 

0.0976 

0.0848 

0.0984 

0.0811 

0.0839 

3.1860 

1.6459 

0.9502 

0.0916 

0.0154 

0.0160 

25 

0.0894 

0.1082 

0.0887 

0.0981 

0.0815 

0.0802 

2.1208 

1.4808 

1.8280 

0.0858 

0.0144 

0.0169 

.''. 

0.0820 

0    1  IDO 

0.0903 

0.1005 

0.0811 

0.0841 

1.706  3 

1.3350 

1.7923 

0.0767 

0.0150 

0.0180 

27 

0.0789 

0.1100 

0.0843 

0.0999 

0.0811 

0.0968 

1.6972 

1.2077 

2.0396 

0.0676 

0.0149 

0.0166 

28 

0.0736 

0.1100 

0.0881 

0.0999 

0.0811 

0.1148 

2.24  38 

1.0768 

1.6606 

0.0636 

0.0130 

0.0168 

19 

0.0700 

0.1032 

0.0972 

0.0999 



0.1714 

3.2740 

0.9585 

1.3131 

0.0785 

0.0120 

0.0161 

id 

0.0974 

0.0985 

0.0893 

0.0991 



0.2706 

3.7222 

0.8646 

1.0805 

0.0789 

0.0139 

0.0179 

)1 

0.0882 



0.0901 

0.0998 



0.3837 



0.7798 



0.0599 

0.0128 



race,   c 1 

5            0.1427 

i.  1  !2] 

0.0884 

0.0940 

0.0867 

ii.  L027 

1.3908 

4.2634 

0.6481 

0.2846 

0.0268 

0.0149 

To  t  .1 1    yield,    1 1  i.i 

les        0.480 

0.430 

0.300 

0.320 

0.260 

0.360 

4.550 

14.420 

2.120 

0.960 

0.090 

0.050 

annual    race:      0.6116 

cfs 

Id :      24  .  35   area    in.  hes 

1  Low: 
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CHICKEN  CREEK  (WEST)  CUBIC  FEET  PER  SECOND,  OCTOBER  1969  -  SEPTEMBER  1970. 


SEPT 


1 

0.0185 

0.0532 

0.0310 

0.0412 

0.0797 

0.0603 

0.0564 

0.1904 

3.9336 

0.1731 

0.0482 

0.0298 

2 

0.0708 

0.0461 

0.0324 

0.0371 

0.0738 

0.0570 

0.0564 

0.2908 

3.4611 

0.1686 

0.0426 

0.0228 

3 

0.0300 

0.0463 

0.0326 

0.0407 

0.0725 

0.0558 

0.0564 

0.4322 

2.9827 

0.2030 

0.0417 

0.0227 

4 

0.0332 

0.0447 

0.0433 

0.0404 

0.0707 

0.0564 

0.0564 

0.6939 

2.4815 

0.1923 

0.0437 

0.0202 

5 

0.0301 

0.0424 

0.0326 

0.0317 

0.0652 

0.0563 

0.0664 

1.1091 

1.8929 

0.1927 

0.0477 

0.1260 

6 

0.0273 

0.0421 

0.0362 

0.0537 

0.0642 

0.0564 

0.1226 

1.8342 

1.4655 

0.1879 

0.0425 

0.2391 

7 

0.0259 

0.0452 

0.0311 

0.0352 

0.0647 

0.0601 

0.1677 

1.5733 

1.2940 

0.1668 

0.0396 

0.1300 

8 

0.0232 

0.0515 

0.0296 

0.0362 

0.0640 

0.0566 

0.1762 

1.1539 

1.2558 

0.1469 

0.0354 

0.0575 

9 

0.0245 

0.0423 

0.0352 

0.0368 

0.0641 

0.0564 

0.2171 

1.2293 

4.2395 

0.1492 

0.0327 

0.0465 

10 

0.0351 

0.0422 

0.0364 

0.0360 

0.0642 

0.0564 

0.3351 

1.1419 

3.1949 

0.1458 

0.0290 

0.0392 

11 

0.0357 

0.0453 

0.0362 

0.0335 

0.0857 

0.0561 

0.3698 

0.9076 

2.1735 

0.1324 

0.0301 

0.0397 

12 

0.0313 

0.0446 

0.0352 

0.0361 

0.1035 

0.0564 

0.2822 

0.8702 

1.6664 

0.1255 

0.0315 

0.0382 

13 

0.0346 

0.0484 

0.0357 

0.0362 

0.0902 

0.0562 

0.2408 

0.9556 

1.5122 

0.1079 

0.0270 

0.0389 

14 

0.0355 

0.0453 

0.0364 

0.0400 

0.0813 

0.0557 

0.2126 

1.1891 

1.2560 

0.1009 

0.0298 

0.0405 

15 

0.0354 

0.0449 

0.0359 

0.0407 

0.0811 

0.0555 

0.1946 

2.1169 

1.1044 

0.0988 

0.0285 

0.0400 

16 

0.0432 

0.0481 

0.0358 

0.0407 

0.0811 

0.0557 

0.1733 

4.0209 

0.9640 

0.0918 

0.0281 

0.0423 

17 

0.0581 

0.1068 

0.0360 

0.0423 

0.0757 

0.0556 

0.1645 

5.6768 

0.8706 

0.0900 

0.0244 

0.0379 

18 

0.0520 

0.3874 

0.0360 

0.0420 

0.0718 

0.0488 

0.1564 

6.9243 

0.7281 

0.0821 

0.0267 

0.0358 

19 

0.0461 

0.1844 

0.0374 

0.0423 

0.0721 

0.0491 

0.1455 

8.3309 

0.6234 

0.0748 

0.0277 

0.0319 

20 

0.0468 

0.0998 

0.0412 

0.0423 

0.0718 

0.0491 

0.1320 

7.2989 

0.4739 

0.0681 

0.0292 

0.0461 

21 

0.0540 

0.0454 

0.0503 

0.5764 

0.0723 

3.4195 

0.1230 

6.9104 

0.3448 

0.0893 

0.0292 

0.0423 

22 

0.0604 

0.0449 

0.0569 

0.5055 

0.0703 

0.0488 

0.1204 

7.6212 

0.2797 

0.0794 

0.0269 

0.0412 

23 

0.0688 

0.1019 

0.0500 

0.5523 

0.0659 

0.0592 

0.1163 

7.5908 

0.2526 

0.0745 

0.0249 

0.0418 

24 

0.0891 

0.0502 

0.0526 

0.2423 

0.0642 

0.0777 

0.1295 

9.1169 

0.2385 

0.0661 

0.0227 

0.0414 

25 

0.1082 

0.0354 

0.0500 

0.1586 

0.0642 

0.0651 

0.1674 

8.8402 

0.2188 

0.0634 

0.0229 

0.0415 

26 

0.0843 

0.0343 

0.0548 

0.1260 

0.0629 

0.0623 

0.1927 

8.9531 

0.2050 

0.0681 

0.0278 

0.0423 

27 

0.0654 

0.0306 

0.0521 

0.1141 

0.0641 

0.0634 

0.1862 

8.2522 

0.1927 

0.0627 

0.0284 

0.0423 

28 

0.0694 

0.0287 

0.0497 

0.1007 

0.0620 

0.0642 

0.1770 

8.4631 

0.1927 

0.0550 

0.0346 

0.0418 

29 

0.0603 

0.0305 

0.0493 

0.0918 

0.0625 

0.1673 

7.2316 

0.1797 

0.0515 

0.0291 

0.0423 

30 

0.0532 

0.0307 

0.0454 

0.0865 

0.0592 

0.1638 

5.9495 

0.1796 

0.0525 

0.0295 

0.0361 

31 

0.0568 



0.0423 

0.0811 



0.0564 



4.6565 



0.0528 

.0276 



Average  rate,  cfs. 

0.0486 

0.0648 

0.0406 

0.1103 

0.0723 

i).  li,h] 

0.1642 

4.2428 

1.3286 

0.1101 

0.0319 

0.0513 

Total  yield,  inches 

0.160 

0.210 

0.140 

0.740 

0.220 

0.560 

0.540 

14.350 

4.350 

0.370 

0.680 

0.170 

Average  annual  rate: 

0.5524 

cfs. 

Total  annual  yield 

21.99  inches 

Peak  flow: 

CHICKEN  CREEK  (WEST)  CUBIC  FEET  PER  SECOND,  OCTOBER   1970  -  SEPTEMBER  1971. 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate  cfs. 
Total  yield,  inches 


0.0423 

0.1049 

0.1563 

0.0999 

0.1954 

0.1232 

0.4447 

2.0113 

3.1092 

0.2551 

0.0404 

0.0307 

0.0423 

0.1010 

0.1541 

0.1005 

0.1429 

0.1205 

0.4249 

2.9681 

2.6993 

0.2296 

0.0386 

0.0265 

0.0407 

0.0978 

0.1543 

0.0999 

0.1835 

0.1205 

0.4498 

4.3403 

2.3360 

0.2167 

0.0401 

0.0748 

0.0391 

0.0901 

0.1437 

0.0999 

0.1698 

0.1205 

0.5562 

4.1952 

2.0420 

0.2003 

0.0404 

0.0462 

0.0423 

0.0908 

0.1410 

0.0999 

0.1688 

0.1205 

0.7355 

3.4231 

1.8136 

0.1860 

0.0408 

0.0477 

0.0702 

0.1055 

0.1354 

0.0999 

0.1664 

0.1205 

1.0062 

3.4288 

1.6457 

0.1705 

0.0436 

0.0242 

0.0659 

0.1215 

0.1305 

0.0999 

0.1630 

0.1205 

1.0955 

4.2823 

1.4966 

0.1552 

0.0461 

0.0896 

0.0636 

0.1207 

0.1312 

0.0997 

0.1546 

0.1181 

1.2402 

4.1128 

1.3703 

0.1445 

0.0368 

0.0444 

0.2208 

0.1220 

0.1265 

0.0999 

0.1546 

0.1202 

1.7084 

3.7005 

1.3008 

0.1363 

0.0400 

0.0379 

0.3429 

0.1355 

0.1271 

0.0999 

0.1524 

0.1140 

2.1891 

3.9102 

1.2124 

0.1269 

0.0287 

0.0337 

0.1404 

0.1284 

0.1218 

0.0950 

0.1444 

0.1100 

2.0932 

4.8748 

1.9234 

0.1201 

0.0310 

0.0331 

0.1682 

0.1351 

0.1196 

0.0923 

0.1428 

0.1100 

2.0155 

6.2408 

1.4347 

0.1130 

0.0308 

0.0319 

0.1505 

0.1299 

0.1207 

0.0918 

0.1428 

0.1100 

2.1112 

6.5847 

1.2146 

0.1066 

0.0290 

0.0298 

0.1230 

0.1438 

0.1189 

0.0914 

0.1428 

0.1100 

2.3248 

7.5226 

1.0920 

0.0963 

0.0273 

0.0264 

0.0948 

0.2596 

0.1191 

0.0903 

0.1428 

0.1100 

3.0436 

8.0184 

0.9975 

0.0925 

0.0275 

0.0314 

0.0923 

0.1702 

0.1163 

0.0979 

0.1428 

0.1100 

3.3865 

8.8649 

0.9036 

0.0861 

0.0269 

0.0328 

0.0926 

0.1104 

0.1136 

0.4423 

0.1394 

0.1100 

3.4465 

6.2488 

0.8215 

0.0815 

0.0242 

0.0311 

0.0955 

0.1009 

0.1136 

4.3777 

0.1333 

0.1100 

2.7745 

4.4909 

0.7237 

0.0976 

0.0257 

0.0324 

0.0944 

0.1165 

0.1041 

1.7758 

0.1314 

0.1100 

2.0772 

3.8713 

0.6662 

0.0958 

0.0261 

0.0360 

0.0896 

0.1079 

0.1097 

0.8941 

0.1319 

0.1173 

1.6796 

3.7883 

0.5982 

0.0859 

0.0258 

0.0385 

0.0977 

0.0999 

0.1070 

0.5548 

0.1314 

0.1316 

1.4459 

3.8362 

0.5451 

0.0764 

0.0283 

0.0403 

0.1158 

0.1005 

0.1141 

0.4410 

0.1314 

0.1405 

1.2930 

3.9064 

0.4938 

0.0722 

0.0272 

0.0411 

0.0993 

0.1082 

0.1093 

0.3682 

0.1314 

0.1529 

1.2062 

4.0981 

0.4470 

0.0707 

0.0272 

0.0394 

0.1204 

0.2052 

0.1095 

0.3230 

0.1314 

0.1583 

1.1554 

4.3184 

0.4078 

0.0653 

0.0237 

0.0376 

0.1196 

0.2577 

0.1074 

0.2913 

0.1314 

0.1070 

1.1546 

4.7083 

0.3716 

0.0596 

0.0333 

0.0325 

0.1141 

0.2486 

0.0797 

0.2682 

0.1289 

0.2346 

1.1205 

4.9091 

0.3417 

0.0562 

0.0321 

0.0369 

0.1170 

0.2158 

0.1070 

0.2493 

0.1305 

0.3240 

1.0409 

4.8143 

0.3320 

0.0546 

0.0307 

0.0366 

0.1187 

0.1939 

0.1022 

0.2347 

0.1283 

0.3132 

0.9733 

4.4045 

0.2812 

0.0444 

0.0882 

0.0377 

0.0999 

0.1725 

0.1020 

0.2207 



0.3926 

1.0984 

3.7989 

0.3101 

0.0492 

0.1585 

0.0394 

0.1038 

0.1645 

0.1008 

0.2088 



0.5486 

1.4421 

3.3047 

0.2710 

0.0465 

0.0522 

0.0633 

0.1016 



0.1007 

0.2026 



0.5551 



3.1246 



0.0464 

0.0346 



0.1071 

0.1420 

0.1193 

0.4003 

0.1461 

0.1730 

1.5578 

4.5839 

1.1068 

0.1109 

0.0389 

0.0395 

0.360 

0.460 

0.400 

1.350 

0.450 

0.590 

5.100 

15.500 

3.620 

0.380 

0.130 

0.130 

Average  annual  rate: 
Total  annual  yield; 
Peak  flow: 


0.7151  cfs. 
28.48  area  inches 


125 


CHICKEN  CREEK  (WEST)  CUBIC  FEET  PER  SECOND,  OCTOBER  1971  -  SEPTEMBER  1972. 


1 

0.0732 

0.1045 

0.0999 

0.1146 

0.0999 

0.1001 

0.3202 

1.9727 

2.3539 

0.1738 

0.0325 

0.0238 

J 

0.0924 

0.1016 

0.0999 

0.1150 

0.0989 

0.0999 

0.3052 

2.1269 

2.1280 

0.1510 

0.0419 

0.0307 

J 

0.0704 

0.1058 

0.1037 

0.1187 

0.0999 

0.1128 

0.3156 

2.5942 

1.8210 

0.1468 

0.0403 

0.0301 

4 

0.0745 

0.1107 

0.0982 

0.1113 

0.0999 

0.4440 

0.3156 

3.5829 

1.6808 

0.1395 

0.0308 

0.0241 

5 

0.1037 

0.1047 

0.1007 

0.1121 

0.0999 

0.2653 

0.3366 

4.3725 

1.3884 

0.1319 

0.0321 

0.0847 

6 

0.1447 

0.1033 

0.1146 

0.1129 

0.0983 

0.2574 

0.8000 

5.0109 

1.2564 

0.1213 

0.0325 

0.0814 

7 

0.1649 

0.1011 

0.1096 

0.1104 

0.0999 

0.2656 

1.0248 

5.1012 

1.1450 

0.1126 

0.0333 

0.0423 

-: 

0.1713 

0.0961 

0.1016 

0.1100 

0.0981 

0.2^03 

0.9084 

5.3680 

1.0031 

0.1107 

0.0295 

0.0355 

'< 

0.1333 

0.0982 

0.1039 

0.1100 

0.0985 

0.2204 

1.0924 

5.7386 

0.9376 

0.0946 

0.0175 

0.0301 

tn 

0.1084 

0.1052 

0.0954 

0.1091 

0.0985 

0.2468 

1.3735 

4.3724 

0.8435 

0.0957 

0.0224 

0.0300 

1  1 

0.0919 

0.1192 

0.0995 

0.1093 

0.0917 

0.2999 

2.3801 

4.3369 

0.7657 

0.0915 

0.0280 

0.0239 

12 

0.0803 

0.2334 

0.1026 

0.1100 

0.0971 

0.3522 

2.4994 

4.7863 

0.7032 

0.0846 

0.0260 

0.0259 

L3 

0.0666 

0.2457 

0.1016 

0.1064 

0.0989 

0.3814 

1.5804 

4.8705 

0.6181 

0.0715 

0.0259 

0.0317 

14 

0.0484 

0.1907 

0.1044 

0.1022 

0.0972 

0.4224 

1.1799 

5.5174 

0.5621 

0.0754 

0.0542 

0.0324 

15 

0.0510 

0.1608 

0.1086 

0.1001 

0.0915 

0.5530 

0.9557 

6.0540 

0.5075 

0.0704 

0.0347 

0.0325 

16 

0.0889 

i).  \:,u  ) 

0.1039 

0.0999 

0.0915 

0.4662 

0.8587 

6.6800 

0.4487 

0.0676 

0.0287 

0.0293 

1? 

0.0781 

0.1347 

0.1052 

0.0999 

0.0909 

0.4662 

0.9015 

7.1314 

0.4885 

0.0634 

0.0258 

0.0268 

18 

0.0797 

0.1255 

0.0999 

0.1020 

0.0903 

0.5721 

0.8823 

6.8686 

0.4515 

0.0517 

0.0252 

0.0263 

19 

0.0795 

0.1176 

0.1009 

0.0999 

0.0927 

0.6808 

0.8221 

6.5281 

0.4117 

0.0504 

0.0319 

0.1966 

20 

0.1075 

0.1122 

0.1012 

0.0991 

0.0983 

0.6715 

0.7578 

5.6945 

0.3867 

0.0437 

0.0305 

0.0606 

21 

0.0955 

0.1109 

0.0995 

0.1007 

0.0965 

0.5256 

0.7164 

4.5873 

0.3570 

0.0412 

0.0273 

0.0440 

22 

0.0704 

0.1062 

0.0999 

0.1001 

0.0915 

0.4912 

0.6852 

4.4821 

0.3294 

0.0321 

0.0275 

0.0357 

23 

0.0658 

0.1000 

0.0999 

0.0997 

0.0923 

0.5924 

0.7465 

4.0963 

0.3125 

0.0494 

0.0264 

0.0340 

24 

0.0957 

0.0993 

0.1012 

0.0999 

0.0907 

0.6490 

1.0609 

4.1600 

0.2977 

0.0349 

0.0278 

0.0407 

25 

0.1060 

0.0947 

0.1764 

0.0999 

0.0919 

0.5303 

1.3498 

4.1601 

0.2885 

0.0384 

0.0247 

0.0378 

26 

0.1022 

0.0881 

0.1627 

0.0999 

0.0901 

0.4765 

1.1464 

4.0271 

0.2626 

0.0411 

0.0286 

0.0352 

J  7 

0.1150 

0.1013 

0.1420 

0.1032 

0.0913 

0.4477 

1.1584 

3.6216 

0.2455 

0.0464 

0.0247 

0.0403 

28 

0.1124 

0.1029 

0.1227 

0.0999 

0.0945 

0.4043 

1.3644 

3.4048 

0.2199 

0.0389 

0.0356 

0.0519 

J  4 

0.1242 

0.1089 

0.1188 

0.0999 



0.3835 

1.9662 

3.2137 

0.1934 

0.0284 

0.0329 

0.0417 

ill 

0.1014 

0.1005 

0.1187 

0.0991 



0.3656 

2.3198 

2.9122 

0.1811 

0.0344 

0.0258 

0.0385 

11 

0.1091 



0.1172 

0.0999 



0.3420 



2.6245 



0.0391 

0.0237 



Average  rate,  cfs. 

0.0970 

0.1210 

0.1101 

0.1085 

0.0954 

0.3976 

1.0708 

4.5161 

0.7530 

0.0765 

0.0300 

0.0433 

Total  yield,  inches 

0.330 

0.400 

0.370 

0.360 

0.290 

1.350 

3.520 

15.350 

2.480 

0.260 

0.100 

0.140 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.6236  cfs. 
24.95  area  inches 
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CHICKEN  CREEK  (EAST)  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  I965-SEPTEMBER  1966. 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 

15 

lh 

i ; 

18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 


Average  rate,  cfs 
Total  yield,  inches 

Average  annual  rate:   0.0917  cfs 
Total  annual  yield:   5.79  area  inches 
Peak  flow: 


0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.4035 

0.710b 

0.1428 

0.0251 

0.0154 

0.0102 

0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.4920 

0.7539 

0.1477 

0.0195 

0.0147 

0.0110 

0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.4290 

0.6754 

0.1081 

0.0187 

0.0130 

0.0089 

0.0054 

0.0157 

0.0247 

0.0247 

0.0247 

0.0247 

0.3683 

0.5213 

0.0703 

0.0160 

0.0116 

0.0082 

0.0054 

0.0149 

0.0247 

0.0247 

0.0247 

0.0247 

0.3604 

0.5463 

0.0675 

0.0157 

0.0095 

0.0073 

0.0054 

0.0155 

0.0247 

0.0247 

0.024  7 

0.0247 

0.4069 

0.5204 

0.0641 

0.0150 

0.0082 

0.0054 

0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.5157 

0.4950 

0.0606 

0.0140 

0.0082 

0.0054 

0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.6669 

0.4703 

0.0598 

0.0127 

0.0084 

0.0054 

0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.7551 

0.4462 

0.0595 

0.0120 

0.0084 

0.0054 

0.0054 

0.0154 

0.0247 

0.0247 

0.0247 

0.0247 

0.6424 

0.4228 

0.0580 

0.0134 

0.0102 

0.0046 

0.0054 

0.0159 

0.0247 

0.0247 

0.0247 

0.0247 

0.5076 

0.3980 

0.0498 

0.0154 

0.0082 

0.0072 

0.0054 

0.0199 

0.0247 

0.0247 

0.0247 

0.0247 

0.4324 

0.3789 

0.0472 

0.0136 

0.0082 

0.0082 

0.0052 

0.0224 

0.0247 

0.0247 

0.0247 

0.0247 

0.4070 

0.3586 

0.04  39 

0.0121 

0.0062 

0.0055 

0.0045 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.4466 

0.3388 

0.0400 

0.0120 

0.0088 

0.0248 

0.0150 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.5403 

0.3196 

0.0380 

0.0106 

0.0082 

0.0111 

0.0098 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.6749 

0.3008 

0.0374 

0.0114 

0.0082 

0.0096 

0.0082 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.7047 

0.2826 

0.0354 

0.0116 

0.0072 

0.0111 

0.0080 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.6218 

0.2631 

0.0322 

0.0116 

0.0054 

0.0084 

0.0085 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.5345 

0.2459 

0.0309 

0.0116 

0.0054 

0.0085 

0.0076 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.4  7  36 

0.2276 

0.0290 

0.0116 

0.0054 

0.0082 

0.0151 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.4358 

0.2099 

0.0312 

0.0111 

0.0038 

0.0082 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.3941 

0.1929 

0.0324 

0.0116 

0.0032 

0.0083 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.3651 

0.1765 

0.0300 

0.0091 

0.0032 

0.0083 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.0248 

0.4307 

0.1608 

0.0277 

0.0131 

0.0032 

0.0092 

0.0247 

0.0247 

0.0247 

0.0247 

0.0247 

0.0359 

0.5792 

0.1473 

0.0266 

(1.1)1  34 

0.0032 

0.0102 

0.0206 

0.0247 

0.0247 

0.0247 

0.0247 

0.0550 

0.6882 

0.1343 

0.0248 

0.0154 

0.0032 

0.0103 

0.0157 

0.0247 

0.0247 

0.0247 

0.0247 

0.0855 

0.6133 

0.1427 

0.0242 

0.0154 

0.0017 

0.0116 

0.0160 

0.0247 

0.0247 

0.0247 

0.0247 

0.1297 

0.6063 

0.1428 

0.0196 

0.0126 

0.0015 

0.0116 

0.0154 

0.0247 

0.0247 

0.0247 



0.1787 

0.6455 

0.1428 

0.0208 

0.0116 

0.0015 

0.0096 

0.0154 

0.0247 

0.0247 

0.0247 



0.2331 

0.6707 

0.1428 

0.0209 

0.0116 

0.0256 

0.0055 

0.0156 



0.0247 

0.0247 



0.2956 



0.1428 



0.0116 

0.0220 



0.0111 

0.0211 

0.0247 

0.0247 

0.0247 

0.0519 

0.5271 

0.3359 

0.0478 

0.0136 

0.0081 

0.0089 

0.060 

0.110 

0.130 

0.130 

0.120 

0.280 

1.800 

0.260 

0.070 

0.070 

0.040 

0.050 

CHICKEN  CREEK  (EAST)  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1966-SEPTEMBER  1967. 
OCT      NOV       DEC       JAN       FEB      MAR      APR      MAY      JUNE      JULY 


1 

0.0054 

0.0097 

0.0116 

0.0154 

0.0082 

0.0118 

0.0163 

0.0268 

1.0907 

0.0653 

0.0277 

0.0090 

2 

0.0139 

0.0105 

0.0119 

0.0154 

0.0082 

0.0117 

0.0195 

0.0247 

0.9821 

0.0894 

0.0301 

0.0077 

3 

0.0140 

0.0096 

0.0196 

0.0154 

0.0082 

n.ul  Ii, 

0.0337 

0.0263 

0.8515 

0.0479 

0.0415 

0.0078 

4 

0.0084 

0.0114 

0.0124 

0.0108 

0.0082 

0.0114 

0.0335 

0.0365 

0.7269 

0.0625 

0.0718 

0.0076 

5 

0.0082 

0.0199 

0.0146 

0.0104 

0.0082 

0.0106 

0.0263 

0.0569 

0.6004 

0.0594 

0.0819 

0.0092 

6 

0.0117 

0.0127 

0.0141 

0.0115 

0.0082 

0.0089 

0.0318 

0.1314 

0.5208 

0.0687 

0.0860 

0.0103 

7 

0.0116 

0.0181 

0.0171 

0.0115 

0.0082 

0.0096 

0.0335 

0.2493 

0.4845 

0.0635 

0.0193 

0.0095 

8 

0.0100 

0.0258 

0.0111 

0.0092 

0.0082 

0.0107 

0.0330 

0.3400 

0.4068 

0.0548 

0.0180 

0.0186 

9 

0.0090 

0.0636 

0.0113 

0.0082 

0.0083 

0.0123 

0.0334 

0.5965 

0.3163 

0.0493 

0.0163 

0.0186 

10 

0.0111 

0.0213 

0.0114 

0.0082 

0.0083 

0.0127 

0.0361 

0.7210 

0.2682 

0.0461 

0.0138 

0.0105 

11 

0.0116 

0.0148 

0.0107 

0.0082 

0.0083 

0.0126 

0.0375 

0.4218 

0.2576 

0.0386 

0.0177 

0.0104 

12 

0.0189 

0.0154 

0.0082 

0.0084 

0.0102 

0.0116 

0.0368 

0.3095 

0.2923 

0.0368 

0.0162 

0.0123 

13 

0.0311 

0.0135 

0.0096 

0.0083 

0.0114 

0.0114 

0.0413 

0.2423 

0.3255 

0.0353 

0.0137 

0.0116 

14 

0.0156 

0.0154 

0.0103 

0.0096 

0.0096 

0.0116 

0.0395 

0.2151 

0.3055 

0.0353 

0.0121 

0.0116 

15 

0.0205 

0.0196 

0.0136 

0.0082 

0.0090 

0.0159 

0.0333 

0.2892 

0.2987 

0.0331 

0.0075 

0.0110 

16 

0.0176 

0.0243 

0.0119 

0.0085 

0.0089 

0.0527 

0.0320 

0.4669 

0.3125 

0.0676 

0.0114 

0.0109 

17 

0.0151 

0.0178 

0.0091 

0.0088 

0.0112 

0.0301 

0.0398 

0.8656 

0.2738 

0.0467 

0.0107 

0.0101 

18 

0.0139 

0.0157 

0.0082 

0.0082 

0.0100 

0.0207 

0.0437 

1.5724 

0.2429 

0.0366 

0.0101 

0.0108 

19 

0.0160 

0.0154 

0.0082 

0.0082 

0.0082 

0.0154 

0.0383 

1.9200 

0.2304 

0.0310 

0.0058 

0.0113 

20 

0.0158 

0.0234 

0.0082 

0.0082 

0.0082 

0.0163 

0.0345 

2.1485 

0.2476 

0.0284 

0.0072 

0.0108 

21 

0.0257 

0.0372 

0.0145 

0.0085 

0.0082 

0.0203 

0.0304 

2.4892 

0.2133 

0.0253 

0.0085 

0.0109 

22 

0.0301 

0.0239 

0.0616 

0.0112 

0.0082 

0.0212 

0.0301 

2.7854 

0.2034 

0.0227 

0.0090 

0.0144 

23 

0.0119 

0.1117 

0.1447 

0.0115 

0.0082 

0.0198 

0.0301 

3.0266 

0.2079 

0.0219 

0.0092 

0.0148 

24 

0.0116 

0.1314 

0.0169 

0.0105 

0.0090 

0.0200 

0.0305 

2.9481 

0.1720 

0.02  30 

0.0094 

0.0115 

25 

0.0116 

0.1243 

0.0597 

0.0113 

0.0082 

0.0177 

0.0359 

2.4666 

0.2381 

0.0225 

0.0080 

0.0112 

26 

0.0117 

0.1100 

0.0116 

0.0097 

0.0082 

0.0202 

0.0360 

2.1806 

0.1383 

0.0207 

0.0082 

0.0119 

27 

0.0116 

0.1100 

0.0119 

0.0082 

0.0096 

0.0271 

0.0382 

2.0677 

0.1189 

0.0177 

0.0077 

0.0116 

28 

0.0110 

0.0923 

0.0330 

0.0082 

0.0089 

0.0272 

0.0343 

1.6444 

0.1205 

0.0190 

0.0087 

0.0113 

29 

0.0115 

0.0251 

0.0287 

0.0082 



0.0218 

0.0303 

1.6548 

0.1009 

0.0191 

0.0102 

0.0112 

30 

0.0128 

0.0118 

0.0154 

0.0082 



0.0198 

0.0468 

1.5872 

0.0965 

0.0279 

0.0090 

0.0287 

31 

0.0076 



0.0154 

0.0088 



0.0182 



1.2745 



0.0347 

0.0095 



Avera 

»e  rate,  cfs 

0.0141 

0.0385 

0.0209 

0.0101 

0.0088 

0.0175 

0.0339 

1.1221 

0.3548 

0.0403 

0.0199 

0.0119 

Total 

yield,  incl 

es   0.080 

0.200 

0.110 

0.050 

0.040 

0.090 

0.180 

6.020 

1.840 

0.220 

0.110 

0.060 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.1425  cfs 
9.01  area  inches 
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CHICKEN   CREEK    (EAST)    DISCHARGE,    CUBIC   FEET   PER   SECOND,    OCTOBER   1967-SEPTEMBER   1968. 


1 
2 
3 

4 
5 

ii 
7 
8 
' 

10 

11 
L2 

1  1 
1-'. 

1   3 

16 

1  7 

IK 

L9 

20 

_'l 
22 
23 
24 

26 
27 
28 
29 
10 
31 

Average    rate,    cfs 
Total    yield,    inches 

Average   annual    rate: 
Total   annual   yield: 
Peak    flow: 


0.0452 

0.0179 

0.0116 

0.0116 

0.0116 

0.0190 

0.1300 

0.6516 

0.9534 

0.0552 

0.0142 

0.0179 

0.0398 

0.0169 

0.0116 

0.0116 

0.0116 

0.0198 

0.0859 

0.8810 

0.7990 

0.0503 

0.0159 

0.0166 

0.0154 

0.0196 

0.0116 

0.0116 

0.0116 

0.0198 

0.0598 

1.0632 

0.6747 

0.0474 

0.0243 

0.0175 

0.0133 

0.0159 

0.0116 

0.0116 

0.0116 

0.0213 

0.0582 

1.2709 

0.6520 

0.0447 

0.0233 

0.0186 

0.0797 

0.0160 

0.0125 

0.0116 

0.0114 

0.0224 

0.0531 

1.4706 

0.6617 

0.0424 

0.0158 

0.0173 

0.0377 

0.0154 

0.0119 

0.0116 

0.0116 

0.0198 

0.0465 

1.02  30 

0.5187 

0.0389 

0.0142 

0.0168 

0.0180 

0.0154 

0.0124 

0.0116 

0.0116 

0.0188 

0.0421 

0.9848 

0.4609 

0.0369 

0.0152 

0.0151 

0.0154 

0.0154 

0.0138 

0.0116 

0.0116 

0.0154 

0.0376 

1.1538 

0.4160 

0.0346 

0.0178 

0.0164 

0.0155 

0.0154 

0.0116 

0.0116 

0.0116 

0.0154 

0.0448 

1.3146 

0.3938 

0.0341 

0.0199 

0.0154 

0.0154 

0.0143 

0.0117 

0.0116 

0.0108 

0.0154 

0.0782 

1.3192 

0.3567 

0.0334 

0.0176 

0.0147 

0.0132 

0.0116 

0.0119 

0.0116 

0.0099 

0.0154 

0.1177 

1.3123 

0.3189 

0.0330 

0.0172 

0.0157 

0.0127 

0.0116 

0.0118 

0.0116 

0.0101 

0.0149 

0.1311 

1.4226 

0.2893 

0.0317 

0.0170 

0.0150 

0.0116 

0.0116 

0.0132 

0.0116 

0.0115 

0.0147 

0.1015 

1.3053 

0.2441 

0.0296 

0.0202 

0.0141 

0.0116 

0.0116 

0.0336 

0.0116 

0.0115 

0.0119 

0.1002 

0.9940 

0.2283 

0.0255 

0.0673 

0.0147 

0.0119 

0.0116 

0.0116 

0.0116 

0.0093 

0.0136 

0.1180 

0.8097 

0.2066 

0.0206 

0.0442 

0.0154 

0.0121 

0.0129 

0.0126 

0.0116 

0.0082 

0.0116 

0.1115 

0.6998 

0.1848 

0.0198 

0.0210 

0.0154 

0.0116 

0.0116 

0.0116 

0.0116 

0.0086 

0.0133 

0.1023 

0.7554 

0.1666 

0.0206 

0.1165 

0.0154 

0.0116 

0.0115 

0.0117 

0.0116 

0.0087 

0.0126 

0.0913 

0.8735 

0.1751 

0.0218 

0.0789 

0.0159 

0.0135 

0.0116 

0.0116 

0.0116 

0.0135 

0.0125 

0.0897 

1.2702 

0.1340 

0.0216 

0.0830 

0.0145 

0.0116 

0.0136 

0.0116 

0.0116 

0.2264 

0.0111 

0.0841 

1.6259 

0.1126 

0.0184 

0.0268 

0.0384 

0.0116 

0.0164 

0.0116 

0.0116 

0.0523 

0.0116 

0.0742 

1.9151 

0.1045 

0.0193 

0.0231 

0.0330 

0.0147 

0.0201 

0.0116 

0.0116 

0.0253 

0.0120 

0.0685 

1.4043 

0.0892 

0.0200 

0.1357 

0.0235 

0.0116 

0.0107 

0.0116 

0.0116 

0.0302 

0.0141 

0.0693 

1.2727 

0.1131 

0.0184 

0.0600 

0.0266 

0.0129 

0.0116 

0.0116 

0.0116 

0.0313 

0.0159 

0.0651 

1.1752 

0.0839 

0.0175 

0.0362 

0.0238 

0.0123 

0.0275 

0.0116 

0.0116 

0.0252 

0.0193 

0.0608 

1.1687 

0.0802 

0.0184 

0.0274 

0.0226 

0.0132 

0.0901 

0.0116 

0.0116 

0.0209 

0.0180 

0.0571 

1.2773 

0.0737 

0.0164 

0.0256 

0.0198 

0.0116 

0.2171 

0.0120 

0.0116 

0.0198 

0.0174 

0.0598 

1.4706 

0.0630 

0.0163 

0.0281 

0.0177 

0.0184 

0.0973 

0.0116 

0.0117 

0.0198 

0.0302 

0.1032 

1.6312 

0.0539 

0.0153 

0.0216 

0.0165 

0.0146 

0.0117 

0.0117 

0.0116 

0.0190 

0.0692 

0.2175 

1.6593 

0.0572 

0.0143 

0.0211 

0.0185 

0.0177 

0.0128 

0.0123 

0.0116 



0.1076 

0.4044 

1.3241 

0.0602 

0.0134 

0.0184 

0.0166 

0.0181 



0.0116 

0.0116 



0.1147 



1.1412 



0.0152 

0.0180 



0.0185 

0.0266 

0.0126 

il.ill  h 

0.0233 

0.0242 

0.0955 

1.2142 

0.2909 

0.0273 

0.0350 

0.0186 

0.100 

0.140 

0.070 

0.060 

0.120 

0.130 

0.500 

6.  520 

1.510 

0.150 

0.190 

0.100 

0.1510   c 

fs 

9.57   area 

inches 

CHICKEN   CREEK    (EAST)    DISCHARGE,    CUBIC    FEET   PER   SECOND,    OCTOBER   1968-SEPTEMBER   1969. 
OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUNE  JULY 


1 

0.0166 

0.0270 

0.0360 

0.0200 

0.0247 

0.0198 

0.1810 

1.6825 

0.1443 

0.2777 

0.0322 

0.0141 

2 

0.0171 

0.0247 

0.0360 

0.0203 

0.0247 

0.0198 

0.2664 

1.9389 

0.1373 

0.2359 

0.0319 

0.0154 

3 

0.0154 

0.0285 

0.0327 

0.0198 

0.0247 

0.0198 

0.4302 

2.1167 

0.1256 

0.2040 

0.0342 

0.0158 

4 

0.0162 

0.0409 

0.0299 

0.0198 

0.0247 

0.0198 

0.4688 

2.2540 

0.1163 

0.1789 

0.0319 

0.0198 

• 

0.0163 

0.0296 

0.0266 

0.0198 

0.0246 

0.0199 

0.5376 

2.5868 

0.1432 

0.1561 

0.0280 

0.0198 

•• 

0.0154 

0.0249 

0.0247 

0.0198 

0.0246 

0.0214 

0.5277 

3.1905 

0.0998 

0.1505 

0.0260 

0.0198 

7 

0.0154 

0.0247 

0.0247 

0.0203 

0.0226 

0.0227 

0.4204 

3.4283 

0.0945 

0.1356 

0.0237 

0.0198 

8 

0.0160 

0.0387 

0.0247 

0.0198 

0.0234 

0.0223 

0.3616 

3.0189 

0.0918 

0.1171 

0.0215 

0.0198 

9 

0.0160 

0.1313 

0.0248 

0.0198 

0.0223 

0.0243 

0.2799 

2.6607 

0.0876 

0.1031 

0.0225 

0.0188 

LO 

0.0177 

0.06  32 

0.0248 

0.0198 

0.0198 

0.0247 

0.2317 

2.4739 

0.0870 

0.0936 

0.0207 

0.0217 

11 

0.0170 

0.0554 

0.0278 

0.0198 

0.0208 

0.0247 

0.24  38 

2.1896 

0.0824 

0.0826 

0.0218 

0.0171 

12 

0.0148 

0.0528 

0.0300 

0.0198 

0.0209 

0.0247 

0.2708 

1.9445 

0.0762 

0.0741 

0.0257 

0.0152 

1  i 

0.0252 

0.0515 

0.0255 

0.0264 

0.0230 

0.0247 

0.2876 

1.7775 

0.0793 

0.0720 

0.0225 

0.0126 

U 

0.3525 

0.0931 

0.0247 

0.0332 

0.0217 

0.0247 

0.2833 

1.6079 

0.0811 

0.0723 

0.0213 

0.0134 

i 

0.1282 

0.0745 

0.0247 

0.0268 

0.0198 

0.0247 

0.2765 

1.3408 

0.1112 

0.0647 

0.0185 

0.0107 

16 

0.074  3 

0.0507 

0.0247 

0.0247 

0.0209 

0.0247 

0.2469 

1.1069 

0.1249 

0.0638 

0.0195 

0.0088 

17 

0.05  74 

0.0444 

0.0247 

0.0247 

0.0207 

0.0247 

0.2408 

0.9527 

0.0875 

0.0531 

0.0239 

0.0083 

IK 

0.0507 

0.0311 

0.0247 

0.0247 

0.0198 

0.0230 

0.2510 

0.8347 

0.0737 

0.0539 

0.0212 

0.0082 

L9 

0.0459 

0.0354 

0.0247 

0.0246 

0.0198 

0.0198 

0.2584 

0.7537 

0.0666 

0.0531 

0.0205 

0.0082 

20 

0.0444 

0.0331 

0.0247 

0.0247 

0.0198 

0.0198 

0.3300 

II. 1,   II,  1 

0.0674 

0.0508 

0.0182 

0.0082 

Jl 

0.0385 

0.0247 

0.0247 

0.0199 

0.0234 

0.5428 

0.5624 

0.0698 

0.0478 

0.0180 

0.0082 

22 

0.0  1  .7 

0.0311 

0.0247 

0.0247 

0.0208 

0.0247 

0.8552 

0.5110 

0.0652 

0.0422 

0.0175 

0.0082 

0.0344 

0.0310 

0.0242 

0.0247 

0.0203 

0.0231 

1.2859 

0.4336 

0.0832 

0.0414 

0.0182 

0.0082 

24 

0.0301 

0.0312 

0.0248 

0.0247 

0.0223 

0.0244 

1.3152 

0.3861 

0.2847 

0.0416 

0.0171 

0.0082 

0.02  4  5 

0.0378 

0.0247 

0.0247 

0.0247 

0.0247 

1.0310 

0.3330 

0.4148 

0.0402 

0.0147 

0.0082 

'(■ 

0.0290 

0.0360 

0.0246 

0.0248 

0.0228 

ii.  u    . 

0.8562 

0.2828 

0.4269 

0.0359 

0.0154 

0.0075 

27 

0.0305 

0.0360 

0.0  J.',  7 

0.0247 

0.0198 

0.0262 

0.8240 

0.2500 

0.5006 

0.0348 

0.0162 

0.0075 

28 

0.0360 

0.0246 

0.024  7 

0.0198 

0.0339 

0.9473 

0.2286 

0.4911 

0.0333 

0.0159 

0.0075 

i 

0.0261 

0.0360 

0.0247 

0.0248 



0.0652 

1.2240 

0.2017 

0.3825 

0.0491 

0.0169 

0.0075 

10 

0.0399 

0.0247 

0.0247 



0.1027 

1.4091 

0.1759 

0.3255 

0.0471 

0.0140 

0.0075 

11 



0.0247 

0.0247 



0.1250 



0.1637 



0.0361 

0.0148 



rate, 

0.04  26 

0.04  34 

0.0262 

0.0232 

0.0219 

0.0306 

0.5562 

1.3556 

0.1674 

0.0885 

0.0214 

0.0125 

fol  a  1    yield,    I  m  he  ■        0. 2  10 

0.230 

0.  1  10 

0.120 

0.110 

0.160 

2.890 

7.280 

0.870 

0.470 

0.120 

0.040 

Total    annual    yield: 
Peak    flow: 


0.2006    <  fs 
1 2 . 68  area    i  nches 
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CHICKEN  CREEK  (EAST)  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1969  -  SEPTEMBER  1970. 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  race,  cfs. 
Total  yield,  inches 


0.0095 

0.0238 

0.0165 

0.0154 

0.0237 

0.0156 

0.0158 

0.0609 

1.1114 

0.0948 

0.0342 

0.0271 

0.0550 

0.0233 

0.0180 

0.0163 

0.0222 

0.0173 

0.0148 

0.1131 

0.8906 

0.0896 

0.0331 

0.0242 

0.0198 

0.0203 

0.0164 

0.0161 

0.0216 

0.0155 

0.0154 

0.1621 

0.7483 

0.1285 

0.0309 

0.0245 

0.0248 

0.0210 

0.0155 

0.0154 

0.0198 

0.0154 

0.0162 

0.2248 

0.6286 

0.1214 

0.0346 

0.0283 

0.0198 

0.0215 

0.0156 

0.0150 

0.0201 

0.0154 

0.0205 

0.3538 

0.5491 

0.1160 

0.0363 

0.1019 

0.0196 

0.0213 

0.0154 

0.0148 

0.0201 

0.0163 

0.0448 

0.4750 

0.4712 

0.1089 

0.0337 

0.1184 

0.0181 

0.0276 

0.0154 

0.0181 

0.0196 

0.0169 

0.0549 

0.7624 

0.3906 

0.1061 

0.0396 

0.0364 

0.0267 

0.0251 

0.0154 

0.0141 

0.0198 

0.0159 

0.0465 

0.4984 

0.3418 

0.0788 

0.0238 

0.0301 

0.0206 

0.0203 

0.0155 

0.0152 

0.0185 

0.0161 

0.0632 

0.5367 

0.8228 

0.0748 

0.0267 

0.0301 

0.0243 

0.0203 

0.0169 

0.0154 

0.0186 

0.0158 

0.0917 

0.5479 

0.9401 

0.0784 

0.0278 

0.0301 

0.0235 

0.0196 

0.0154 

0.0154 

0.0208 

0.0154 

0.0898 

0.4699 

0.8120 

0.0673 

0.0264 

0.0290 

0.0217 

0.0198 

0.0154 

0.0154 

0.0352 

0.0154 

0.0715 

0.4091 

0.7001 

0.0653 

0.0278 

0.0280 

0.0228 

0.0198 

0.0154 

0.0154 

0.0267 

0.0154 

0.0641 

0.4402 

0.6346 

0.0600 

0.0246 

0.0281 

0.0230 

0.0198 

0.0154 

0.0154 

0.0239 

0.0154 

0.0575 

0.4603 

0.5306 

0.0572 

0.0267 

0.0301 

0.0227 

0.0204 

0.0154 

0.0154 

0.0198 

0.0154 

0.0522 

0.6217 

0.4668 

0.0544 

0.0263 

0.0301 

0.0277 

0.0257 

0.0155 

0.0159 

0.0198 

0.0154 

0.0503 

0.9873 

0.4212 

0.0520 

0.0255 

0.0301 

0.0333 

0.0609 

0.0155 

0.0193 

0.0203 

0.0155 

0.0415 

0.7604 

0.3691 

0.0498 

0.0246 

0.0301 

0.0289 

0.1597 

0.0155 

0.0165 

0.0198 

0.0154 

0.0425 

2.2404 

0.3262 

0.0480 

0.0255 

0.0301 

0.0247 

0.2279 

0.0158 

0.0154 

0.0198 

0.0154 

0.0422 

3.2365 

0.2938 

0.0454 

0.0258 

0.0293 

0.0232 

0.0614 

0.0160 

0.0154 

0.0198 

0.0154 

0.0382 

3.3849 

0.2675 

0.0446 

0.0259 

0.0308 

0.0280 

0.0195 

0.0174 

0.0190 

0.0198 

0.0154 

0.0360 

2.6340 

0.2414 

0.0623 

0.0249 

0.0326 

0.0342 

0.0194 

0.0243 

0.3063 

0.0190 

0.0157 

0.0352 

2.7085 

0.2188 

0.0538 

0.0234 

0.0315 

0.0320 

0.1306 

0.0210 

0.1155 

0.0187 

0.0163 

0.0333 

2.7579 

0.1939 

0.0509 

0.0231 

0.0301 

0.0370 

0.0170 

0.0198 

0.0525 

0.0159 

0.0214 

0.0421 

3.2383 

0.1700 

0.0461 

0.0231 

0.0301 

0.0407 

0.0163 

0.0178 

0.0375 

0.0161 

0.0205 

0.0572 

3.0325 

0.1497 

0.0443 

0.0225 

0.0301 

0.0320 

0.0157 

0.0202 

0.0315 

0.0164 

0.0170 

0.0649 

3.0066 

0.1371 

0.0475 

0.0255 

0.0301 

0.0295 

0.0150 

0.0170 

0.0306 

0.0169 

0.0154 

0.0574 

2.7706 

0.1226 

0.0454 

0.0248 

0.0301 

0.0342 

0.0160 

0.0154 

0.0273 

0.0155 

0.0154 

0.0497 

2.5885 

0.1162 

0.0416 

0.0297 

0.0301 

0.0327 

0.0166 

0.0154 

0.0252 



0.0154 

0.0491 

2.1821 

0.1020 

0.0382 

0.0275 

0.0301 

0.0250 

0.0167 

0.0154 

0.0245 



0.0154 

0.0462 

1.7780 

0.1008 

0.0400 

0.0292 

0.0301 

0.0247 



0.0157 

0.0246 



0.0165 



1.3613 



0.0377 

0.0251 



0.0271 

0.0381 

0.0166 

0.0326 

0.0203 

0.0161 

0.0468 

1.4453 

0.4423 

0.0661 

0.0277 

0.0351 

0.150 

0.200 

0.090 

0.170 

0.100 

0.090 

0.240 

7.760 

2.300 

0.350 

0.150 

0.180 

Average  annual  rate: 
Total  annual  yield 
Peak  flow: 


0.1863  cfs 
11.78  area  inches 


CHICKEN  CREEK  (EAST)  CUBIC  FEET  PER  SECOND,  OCTOBER  1970  -  SEPTEMBER  1971. 
NOV      DEC       JAN       FEB      MAR      APR      MAY      JUNE 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 
12 
13 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Average  rate,  cfs. 
Total  yield,  inches 

Average  annual  rate: 
Total  annual  yield 
Peak  flow: 


0.0301 

0.0383 

0.0491 

0.0301 

0.0724 

0.0418 

0.1452 

0.5653 

0.6939 

0.0910 

0.0332 

0.0295 

0.0301 

0.0358 

0.0463 

0.0301 

0.0724 

0.0360 

0.1448 

0.7967 

0.5856 

0.0840 

0.0334 

0.0274 

0.0422 

0.0422 

0.0450 

0.0301 

0.0693 

0.0360 

0.1458 

1.2117 

0.5130 

0.0903 

0.0329 

0.0574 

0.0285 

0.0344 

0.0423 

0.0301 

0.0642 

0.0360 

0.1673 

1.7849 

0.4503 

0.0879 

0.0324 

0.0348 

0.0287 

0.0312 

0.0423 

0.0301 

0.0642 

0.0360 

0.2019 

1.7622 

0.3932 

0.0814 

0.0321 

0.0321 

0.0484 

0.0354 

0.0413 

0.0301 

0.0623 

0.0360 

0.2759 

1.4899 

0.3625 

0.0720 

0.0380 

0.0280 

0.0404 

0.0422 

0.0410 

0.0301 

0.0564 

0.0360 

0.3804 

1.5893 

0.3227 

0.0682 

0.0381 

0.0604 

0.0381 

0.0414 

0.0412 

0.0301 

0.0564 

0.0360 

0.4113 

1.7767 

0.2825 

0.0635 

0.0339 

0.0358 

0.1160 

0.0371 

0.0376 

0.0301 

0.0562 

0.0360 

0.5336 

1.5121 

0.2635 

0.0644 

0.0331 

0.0314 

0.1170 

0.0387 

0.0423 

0.0301 

0.0497 

0.0360 

0.7064 

1.5143 

0.2651 

0.0565 

0.0304 

0.0305 

0.0548 

0.0396 

0.0364 

0.0301 

0.0494 

0.0360 

0.8904 

1.6191 

0.3633 

0.0546 

0.0298 

0.0273 

0.0713 

0.0393 

0.0360 

0.0301 

0.0491 

0.0360 

0.8649 

2.0370 

0.3103 

0.0548 

0.0302 

0.0281 

0.0449 

0.0403 

0.0360 

0.0301 

0.0491 

0.0360 

0.8596 

2.6380 

0.2582 

0.0529 

0.0279 

0.0281 

0.0415 

0.0652 

0.0360 

0.0301 

0.0491 

O.C356 

0.9033 

2.6683 

0.2256 

0.0513 

0.0279 

0.0277 

0.0396 

0.0918 

0.0364 

0.0301 

0.0491 

0.0348 

1.0315 

2.8788 

0.2068 

0.0506 

0.0267 

0.0281 

0.0360 

0.0343 

0.0360 

0.0301 

0.0491 

0.0325 

1.3588 

3.2360 

0.1925 

0.0480 

0.0290 

0.0294 

0.0360 

0.0359 

0.0362 

0.1413 

0.0491 

0.0343 

1.4555 

2.6430 

0.1861 

0.0469 

0.0278 

0.0300 

0.0357 

0.0326 

0.0362 

0.4982 

0.0478 

0.0334 

1.4378 

1.8743 

0.1674 

0.0580 

0.0277 

0.0352 

0.0358 

0.0428 

0.0362 

0.6259 

0.0423 

0.0308 

0.8478 

1.4939 

0.1572 

0.0537 

0.0268 

0.0301 

0.0352 

0.0360 

0.0360 

0.3376 

0.0440 

0.0348 

0.9080 

1.4086 

0.1446 

0.0443 

0.0271 

0.0330 

0.0384 

0.0350 

0.0360 

0.2380 

0.0423 

0.0401 

0.7526 

1.2833 

0.1346 

0.0464 

0.0289 

0.0317 

0.0473 

0.0342 

0.0369 

0.1835 

0.0423 

0.0439 

0.6444 

1.2126 

0.1254 

0.0456 

0.0279 

0.0301 

0.0472 

0.0368 

0.0360 

0.1530 

0.0423 

0.0497 

0.5786 

1.2271 

0.1171 

0.0439 

0.0279 

0.0301 

0.0405 

0.0427 

0.0360 

0.1332 

0.0423 

0.0532 

0.5019 

1.2127 

0.1092 

0.0436 

0.0313 

0.0301 

0.0513 

0.0856 

0.0311 

0.1200 

0.0423 

0.0472 

0.4809 

1.2112 

0.1053 

0.0410 

0.0310 

0.0301 

0.0360 

0.0718 

0.0309 

0.1071 

0.0422 

0.0424 

0.4480 

1.1997 

0.1023 

0.0331 

0.0295 

0.0314 

0.0376 

0.0589 

0.0304 

0.0999 

0.0423 

0.1154 

0.4195 

1.1767 

0.1035 

0.0357 

0.0287 

0.0307 

0.0400 

0.0516 

0.0301 

0.0946 

0.0423 

0.0905 

0.3845 

1.0787 

0.0972 

0.0343 

0.0687 

0.0316 

0.0349 

0.0488 

0.0301 

0.0873 



0.0901 

0.3766 

0.9456 

0.1067 

0.0350 

0.0975 

0.0301 

0.0350 

0.0514 

0.0300 

0.0811 



0.1277 

0.4639 

0.8603 

0.0971 

0.0342 

0.0398 

0.0459 

0.0379 



0.0301 

0.0776 



0.1663 



0.7356 

0.0360 

0.0318 



0.0450 

0.0450 

0.0370 

0.1116 

0.0514 

0.0509 

0.6240 

1.5691 

0.2481 

0.0549 

0.0342 

0.0329 

0.240 

0.230 

0.200 

0.600 

0.250 

0.270 

3.420 

8.420 

1.290 

0.290 

0.180 

0.170 

0.2436  cf 

s. 

15.40  area 

inches 
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CHICKEN  CREEK  (EAST)  DISCHARGE,  CUBIC  FEET  PER  SECOND,  OCTOBER  1971-SEPTEMBER  1972. 
OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY     JUNE     JULY 


1 

0.0653 

1.3802 

0.0301 

0.0360 

0.0301 

0.0297 

0.1038 

0.6862 

0.4418 

0.0551 

0.0305 

0.0262 

2 

0.0614 

0.0406 

0.0323 

0.0360 

0.0301 

0.0296 

0.101b 

0.9971 

0.4089 

0.0538 

0.0303 

0.0262 

3 

0.0461 

0.0418 

0.0418 

0.0360 

0.0301 

0.0524 

0.1315 

1.0933 

0.3560 

0.0545 

0.0292 

0.0249 

4 

0.0472 

0.0401 

0.0368 

0.0360 

0.0301 

0.1848 

0.14b3 

1.4647 

0.3287 

0.0527 

0.0286 

0.0252 

5 

0.0561 

0.0384 

0.0366 

0.0358 

0.0301 

0.0793 

0.1280 

1.7541 

0.2902 

0.0521 

0.0268 

0.1401 

6 

0.0739 

0.0395 

0.0476 

0.0356 

0.0301 

0.0756 

0.3022 

1.  7651 

0.2531 

0.0494 

0.0247 

0.0783 

7 

0.0778 

0.0337 

0.0413 

0.0357 

0.0273 

0.0738 

0.3310 

1.9012 

0.2335 

0.0458 

0.0247 

0.0314 

8 

0.0734 

0.0350 

0.0360 

0.0350 

0.0247 

0.0615 

0.3270 

2.1739 

0.2152 

0.0469 

0.0247 

0.0285 

9 

0.0559 

0.0351 

0.0378 

0.0351 

0.0247 

0.0586 

0.4100 

1.7916 

0.1931 

0.0458 

0.0247 

0.0280 

10 

0.0510 

0.0373 

0.0360 

0.0350 

0.0247 

0.0690 

0.4752 

1.5558 

0.1745 

0.0455 

0.0247 

0.0250 

11 

0.0445 

0.0416 

0.0369 

0.0357 

0.0247 

0.0827 

0.8609 

1.6884 

0.1571 

0.0442 

0.0247 

0.0248 

12 

0.0413 

0.0703 

0.0365 

0.0357 

0.0247 

0.0941 

0.7381 

1.7968 

0.1457 

0.0423 

0.0247 

0.0247 

1  I 

0.0360 

0.0632 

0.0377 

0.0360 

0.0247 

0.1053 

0.4930 

1.9548 

0.1349 

0.0423 

0.0432 

0.0262 

14 

0.0360 

0.0548 

0.0360 

0.0311 

0.0247 

0.1534 

0.3789 

2.1832 

0.1221 

0.0407 

0.0312 

0.0272 

13 

0.0360 

0.0481 

0.0360 

0.0301 

0.0247 

0.1373 

0.3154 

2.4184 

0.1151 

0.0347 

0.0292 

0.0249 

L6 

0.0481 

0.0423 

0.0369 

0.0301 

0.0247 

0.1577 

0.2929 

2.5880 

0.1111 

0.0367 

0.0281 

0.0264 

17 

0.0512 

0.0420 

0.0360 

0.0301 

0.0247 

0.1977 

0.3033 

2.6750 

0.1150 

0.0356 

0.0264 

0.0249 

L8 

0.0503 

0.0360 

0.0360 

0.0301 

0.0247 

0.2185 

0.2941 

2.5314 

0.1042 

0.0331 

0.0270 

0.0327 

19 

0.0413 

0.0360 

0.0360 

0.0301 

0.0231 

0.1879 

0.2728 

2.2650 

0.1004 

0.0326 

0.0278 

0.0925 

20 

0.0384 

0.0360 

0.0339 

0.0301 

0.0247 

0.2283 

0.2566 

1.8493 

0.0925 

0.0335 

0.0283 

0.0355 

21 

0.0327 

0.0360 

0.0330 

0.0343 

0.0247 

0.1783 

0.  2393 

1.6596 

0.0865 

0.0330 

0.0261 

0.0317 

22 

0.0308 

0.0360 

0.0351 

0.0335 

0.0256 

0.2012 

0.2376 

1.5442 

0.0848 

0.0331 

0.0251 

0.0297 

23 

0.0301 

0.0360 

0.0350 

0.0303 

0.0248 

0.1442 

0.2797 

1.4779 

0.0836 

0.0328 

0.0247 

0.0288 

2  4 

0.0436 

0.0356 

0.0385 

0.0301 

0.0247 

0.1370 

0.3840 

1.4912 

0.0790 

0.0302 

0.0266 

0.0302 

25 

0.0484 

0.0348 

0.0619 

0.0301 

0.0247 

0.1231 

0.4388 

1.4687 

0.0773 

0.0314 

0.0260 

0.0293 

26 

0.0475 

0.0348 

0.0550 

0.0301 

0.0280 

0.1302 

0.3927 

1.6284 

0.0728 

0.0324 

0.0247 

0.0277 

27 

0.0595 

0.0425 

0.0432 

0.0301 

0.0292 

0.1522 

0.4169 

1.4497 

0.0695 

0.0314 

0.0249 

0.0322 

28 

0.0549 

0.0379 

0.0377 

0.0301 

0.0299 

0.1372 

0.5443 

1.3632 

0.0659 

0.0296 

0.0252 

0.0310 

29 

0.1094 

0.0404 

0.0361 

0.0301 



0.1280 

0.7404 

1.2865 

0.0630 

0.0279 

0.0248 

0.0296 

30 

0.0423 

0.0325 

0.0360 

0.0301 



0.  1217 

0.  7306 

1.1660 

0.0585 

0.0271 

0.0247 

0.0291 

il 

0.0457 



0.0360 

0.0301 



0.  1136 



1.0506 



0.0297 

0.0250 



Average 

rate,  cf£ 

0.0509 

0.0853 

0.0383 

0.0327 

0.0264 

0.1241 

0.3689 

1.7006 

0.1611 

0.0392 

0.0270 

0.0358 

Total  y 

ield,  inches   0.270 

0.440 

0.210 

0.180 

0.130 

0.670 

1.920 

9.140 

0.840 

0.210 

0.150 

0.190 

Average  annual  rate: 
Total  annual  yield: 
Peak  flow: 


0.2265  cfs 
14.340  area  inches 
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PREFACE 

Managers  and  users  of  salt-desert  shrub  rangelands 
will  find  this  publication  to  be  a  reference  summary  to 
aid  in  planning  and  decisionmaking.  This  is  not  a  com- 
prehensive literature  review,  but  rather  a  distillation  of 
some  of  the  most  useful  information  for  on-the-ground 
management.  Two  manuals— Hutchings  and  Stewart 
(1953)  and  Hutchings  (1954)— were  based  on  the  early 
years  of  grazing  research  at  the  USDA  Forest  Service's 
Desert  Experimental  Range  (DER).  They  have  been 
valuable  guides  for  managers  for  three  decades  and, 
although  out  of  print,  are  still  useful.  More  recent  ex- 
perience at  the  DER,  as  well  as  much  research  infor- 
mation from  other  sources,  warrants  the  broader 
updated  summary  in  this  publication. 

Because  much  of  the  content  herein  derives  from 
work  at  one  location  in  the  eastern  part  of  the  Great 
Basin— the  DER— specific  results  may  not  all  be 
directly  applicable  to  other  salt-desert  shrub  areas. 
Although  general  concepts,  principles,  and  recommen- 
dations can  be  extended  to  distant  salt-desert  shrub 
lands,  caution  and  professional  judgment  should  be 
exercised  in  extrapolating  the  particulars. 


RESEARCH  SUMMARY 

Salt-desert  shrub  rangelands  cover  some  40  million 
acres  (16  million  ha)  of  the  Intermountain  West.  Much 
of  this  land  was  misused  and  damaged  by  unsound 
grazing  practices  in  pioneer  times  and  well  into  the 
20th  century. 

Although  productivity  of  the  desert  is  low,  the  high 
quality  of  the  range  forage  produced  and  the  vastness 
of  the  area  make  the  desert  an  important  part  of  the 
regional  resource  base.  Its  principal  value  is  in  the  an- 
nual harvest  of  feed  by  livestock.  The  ecosystem  is 
fragile  and  easily  disrupted  by  improper  use,  but  under 
good  management,  deterioration  can  be  reversed,  con- 
dition can  improve,  and  areas  still  in  good  condition 
can  remain  so  under  grazing  use. 

A  grazing  system  compatible  with  other  values  of 
salt-desert  shrub  lands  is  one  where  grazing 
allotments  are  used  as  winter  and  early  spring  range, 
with  each  allotment  grazed  as  several  small  units, 
each  unit  to  be  fully  and  properly  harvested  during  one 
short  period  before  the  animals  move  on  to  the  next 
one.  With  annual  rotation  of  season  of  use  of  units 
and  frequent  years  of  rest  from  grazing  on  some  of 
them,  the  harvest  can  be  taken  without  detriment  to 
soil  stability,  wildlife  and  game  can  thrive  in  their 
natural  habitat,  and  the  esthetic  quality  of  the  desert's 
vast  emptiness  can  be  enjoyed. 
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INTRODUCTION 

Deserts  of  North  America  were  described  by  Shreve 
(1942)  in  a  comprehensive  review  where  he  recognized 
four  major  deserts:  Great  Basin,  Mojave,  Sonoran,  and 
Chihuahuan  (fig.  1).  He  characterized  their  vegetation  as 
predominantly  shrubby. 

The  Great  Basin  Desert  is  the  northernmost  of  the 
four  and  includes  all  of  the  Great  Basin  physiographic 
province  (Fenneman  1931)  as  well  as  adjacent  parts  of 
the  Columbia  and  Colorado  Plateaus.  It  extends  into  the 
Harney  Basin  of  Oregon,  the  Snake  River  Plains  of 
Idaho,  the  Red  Desert  of  southwestern  Wyoming,  the 
western  border  of  Colorado,  northwestern  New  Mexico, 
and  northern  Arizona.  The  Great  Basin  Desert  is  largely 
above  4,000  ft  (1  200  m),  summers  are  warm  and  winters 
are  cold,  and  annual  precipitation  is  mostly  between  4 
and  10  inches  (10  and  25  cm).  However,  the  absence  of  a 
protracted  dry  season  and  the  presence  of  moderate 
temperatures  that  result  from  higher  latitudes  and 
altitudes  provide  more  favorable  moisture  conditions 
^han  the  low  precipitation  indicates. 

The  two  major  plant  communities  of  the  Great  Basin 
Desert  are  sagebrush-grass  and  salt-desert  shrub,  which 
ire  dominated  by  Artemisia  tridentata  and  Atriplex  con- 
t'ertifolia,  respectively.  Sagebrush-grass  vegetation, 
.  vhich  occupies  some  100  million  acres  (40  million  ha)  of 
vestern  rangeland,  has  been  treated  recently  in  a  com- 
panion publication  (Blaisdell  and  others  1982)  and  will 
lot  be  considered  further  herein.  Although  estimates  of 
he  area  dominated  by  salt-desert  shrub  vegetation  vary 
:onsiderably  (Branson  and  others  1967;  Hutchings  and 
Stewart  1953),  40  million  acres  (16  million  ha)  is  a 
easonable  figure  for  this  important  range  ecosystem 
Holmgren  and  Hutchings  1972).  General  location  of  this 
egetation  type  is  shown  in  figure  2. 
Salt-desert  shrub  vegetation  occurs  mostly  in  two 
inds  of  situations  that  promote  soil  salinity,  alkalinity, 
r  both.  These  are  either  at  the  bottom  of  drainages  in 
nclosed  basins  (bolsons)  or  where  marine  shales  outcrop 
■Vest  1982a).  The  bolsons  of  the  Great  Basin,  where 
alts  and  fine-textured  fluvials  or  lacustrine  materials 
ave  not  been  able  to  escape  to  the  oceans,  constitute 
le  major  area  of  salt-desert  shrubs.  The  sediments  from 
irmer  seas  outcropping  in  dry  climates  as  shales  of 
retaceous  age  have  also  developed  halomorphic  soils, 
art  of  the  Snake  River  Plains  in  southwestern  Idaho 
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Figure  1.  — Deserts  of  North  America  (after 
Shreve  1942). 


and  the  Big  Horn  Basin  and  Red  Desert  of  Wyoming  are 
examples.  Soils  derived  from  these  formations  are  so 
salty  and  fine  textured  that  they  create  salt-desert  shrub 
habitat  in  a  climate  that  would  normally  produce 
grassland.  On  the  other  hand,  Billings  (1949)  described  a 
shadscale  community  in  western  Nevada  as  occupying 
not  only  the  dry  lake  sediments  with  mild  concentrations 
of  subsoil  salt,  but  also  dry  salt-free  residual  and  fan 
soils  where  annual  precipitation  is  under  6  inches  (15 
cm).  Apparently,  shadscale  and  other  salt-desert  shrubs 
may  be  indicators  of  climatically  dry  areas  as  well  as 
physiologically  dry  soils. 


Figure  2.  — Distribution  of  salt-desert  shrub  vegetation.  (Compiled  from  maps 
of  Kuchler  1964,  Billings  1949,  Smith  ca.  1961,  and  Nevada  Resource  Action 
Council,  n.d.). 


The  Resource 

Vegetation.— Vegetation  of  salt-desert  shrub  ranges  is 
characteristically  sparse.  The  mosaic  of  plant  com- 
munities is  largely  dominated  by  shrubs  and  half-shrubs 
of  the  family  Chenopodiaceae.  Some  of  the  most  impor- 
tant species  are  shadscale  {Atriplex  con ferti folia),  Gard- 
ner saltbush  {Atriplex  gardneri),  mat  saltbush  (Atriplex 
corrugata),  fourwing  saltbush  (Atriplex  canescens),  Cas- 
tle Valley  clover  (Atriplex  cuneata),  greasewood  (Sar- 
cobatus  vermiculatus),  winterfat  (Ceratoides  lanata),  and 
spiny  hopsage  (Grayia  spinosa).  Several  shrubs  of  the 
family  Compositae  are  also  prominent  members  of  salt- 
desert  shrub  vegetation  including  budsage  (Artemisia 
spinescens),  black  sagebrush  (Artemisia  nova),  and  low 
rabbitbrush  (Chrysothamnus  viscidiflorus  ssp. 
stenophyllus). 

Associated  with  the  shrubs  are  such  cool-season 
grasses  as  Indian  ricegrass  (Oryzopsis  hymenoides), 
squirreltail  (Sitanion  hystrix),  and  Sandberg  bluegrass 
(Poa  sandbergii).  Important  warm-season  grasses  are 


galleta  (Hilaria  jamesii),  alkali  sacaton  (Sporobolus 
airoides),  sand  dropseed  (Sporobolus  cryptandrus),  and 
blue  grama  (Bouteloua  gracilis).  A  number  of  annuals 
also  grow  in  association  with  the  shrubs  and  grasses  of 
the  salt  desert.  Usually  they  are  rare,  being  confined  to 
sites  of  recent  disturbance  such  as  road  construction  or 
overgrazing.  Kind  of  annuals,  density,  and  yield  are  ex- 
tremely variable  from  year  to  year  and  from  place  to 
place.  In  some  years  scarcely  any  annuals  emerge,  even 
where  competition  from  perennial  species  is  lacking. 

Native  annuals  seldom  comprise  more  than  a  small 
fraction  of  the  total  cover,  but  three  exotic  species  pro- 
duce abundantly  on  poor  condition  range  when  the 
amount  and  timing  of  precipitation  are  favorable.  These 
are  cheatgrass  (Bromus  tectorum),  a  winter  annual,  and 
two  summer  annuals  belonging  to  the  chenopod  family, 
Russian  thistle  (Salsola  kali)  and  halogeton  (Halogeton 
glomeratus).  Halogeton  is  poisonous  to  livestock,  but 
cheatgrass  and  Russian  thistle  are  both  palatable  and 
nutritious.  However,  as  annuals  they  are  an  undepend- 
able  source  of  forage. 


Livestock  range.— As  livestock  range,  salt-desert  shrub 
is  unique  among  American  grazing  lands.  Because  of  the 
arid  climate,  herbage  yields  and  grazing  capacities  are 
low.  About  1.5  to  3  acres  (0.6  to  1.2  ha)  are  needed  to 
support  a  sheep  for  a  month,  and  between  10  and  20 
acres  (4  and  8  ha)  or  more  are  required  for  a  cow 
(Holmgren  and  Hutchings  1972).  The  salt  desert  is  main- 
ly a  winter  range  used  for  maintenance  of  breeding  or 
gestating  livestock;  consequently,  nutritional  require- 
ments are  relatively  low.  The  living  twigs  of  dormant 
shrubs,  some  with  persistent  seeds,  make  this  range 
more  nearly  adequate  for  animal  maintenance  (Cook  and 
others  1954)  than  other  cold-weather  ranges  where  the 
aerial  plant  parts  are  dead. 

Wildlife  habitat. — Salt-desert  shrub  communities  serve 
as  habitat  for  wildlife  that  range  in  size  from  insects  and 
small  mammals  to  birds  and  large  herbivores.  Although 
salt-desert  communities  are  relatively  simple  in  terms  of 
structure  and  species  diversity,  they  support  a  wide 
variety  of  animal  species.  In  Utah,  for  example,  59  per- 
cent of  the  mammals,  28  percent  of  the  birds,  and  38 
percent  of  the  reptiles  and  amphibians  occur  in  the  salt 
desert  (McArthur  and  others  1978). 

In  addition  to  an  abundance  of  songbirds,  rats,  mice, 
lizards,  snakes,  and  insects,  several  species  are  impor- 
tant as  game  in  the  salt  desert:  the  mourning  dove 
(Zenaidura  macroura),  jackrabbits  (Lepus  californica), 
cottontails  {Sylvilagus  auduboni),  pronghorn  antelope 
(Antilocapra  americana),  and  mule  deer  (Odocoileus 
hemionus)  (Hancock  1966;  Wallmo  1975).  Other  small 
game  such  as  chukar  partridge  {Alectoris  chukar)  and 
sage  grouse  (Centrocercus  urophasianus)  are  sometimes 
present  in  the  periphery  of  salt-desert  communities.  The 
pronghorn  is  more  common  than  deer  in  salt-desert 
shrub  vegetation;  however,  both  are  highly  mobile  and 
make  much  use  of  associated  habitats,  especially 
sagebrush-grass. 

A  number  of  predators  are  common  in  the  salt  desert. 
These  include  the  coyote  (Canis  latrans),  bobcat  (Lynx 
rufus),  kit  fox  (Vulpes  macrotis),  badger  (Taxidea  taxus), 
great  horned  owl  {Bubo  virginianus),  bald  (Haliaeetus 
leucocephalus)  and  golden  (Aquila  chrysaetos)  eagles, 
Swainson's  (Buteo  swainsoni)  and  redtailed  (Buteo 
jamaicensis)  hawks,  and  prairie  falcon  (Falco  mexicanus) 
(Fautin  1946;  Hancock  1966). 

Because  of  its  size  and  easy  accessibility,  salt-desert 
shrub  range  constitutes  an  important  resource  for  pro- 
duction of  livestock  and  wildlife;  open  space,  scenic 
beauty,  and  a  variety  of  recreational  activities;  and  a 
resource  reserve  to  be  maintained  and  improved  as  an 
important  national  asset  to  satisfy  some  presently  un- 
foreseeable needs  (Blaisdell  and  others  1970). 

Problems 

Salt-desert  shrublands,  like  other  western  ranges,  have 
been  damaged  by  livestock  grazing.  According  to 
estimates  by  Clapp  (1936),  western  range  depletion  was 
more  than  50  percent  as  measured  by  reduction  in  graz- 
ing capacity,  with  salt-desert  shrub  ranges  at  70  percent. 
The  original  grazing  capacity  of  salt-desert  shrub  range 
had  changed  from  about  5  acres  (2  ha)  per  animal  unit 
month  (AUM)  to  a  requirement  of  18  acres  (7.2  ha) 


(McArdle  and  others  1936).  Although  some  improvement 
since  the  1940's  is  indicated  by  recent  estimates  (USDA 
Forest  Service  1981),  direct  comparisons  with  the  earlier 
data  are  not  possible  because  of  differences  in  plant  com- 
munity definitions. 

The  naturally  sparse  plant  cover  along  with  fine- 
grained saline  soils  have  made  salt-desert  shrub  ranges 
especially  vulnerable  to  water  and  wind  erosion. 
Although  not  all  salt-desert  areas  are  high  sediment  pro- 
ducers, some  are  among  the  most  severely  eroding 
localities  in  the  Intermountain  region.  A  major  concern 
is  with  sediment  and,  consequently,  salt  eroding  into  the 
Colorado  River.  Frail  lands  m  the  upper  Colorado  River 
basin,  largely  shale  badlands  in  the  salt-desert  shrub 
areas,  yield  about  85  percent  of  the  sediment  but  only  1 
percent  of  the  water  (West  1982).  Wind  is  also  a  serious 
cause  of  erosion,  especially  where  natural  vegetation  has 
been  depleted  by  grazing  or  other  disturbances. 
Microphytic  crusts  of  the  interspaces  help  to  stabilize 
the  soils,  and  the  blue-green  algal  component  is  a  major 
fixer  of  nitrogen.  However,  disturbance  by  livestock 
trampling  weakens  this  crust  and  greatly  increases  the 
susceptibility  of  soil  particles  to  wind  and  water  erosion. 

Besides  livestock  grazing,  such  disturbances  as  con- 
struction of  energy  or  transportation  corridors,  military 
operations,  surface  mining,  and  recreation  have  created 
unsatisfactory  vegetation  conditions.  Because  depleted 
salt-desert  shrub  ranges  are  slow  to  improve  under 
either  good  management  or  complete  protection,  direct 
revegetation  is  often  desirable  and  necessary.  However, 
the  harsh  environment  usually  makes  successful 
revegetation  difficult  (Bleak  and  others  1965;  Van  Epps 
and  McKell  1980).  Special  practices  such  as  trans- 
planting, watering,  shading,  soil  additives,  or  extremely 
careful  selection  of  plant  materials  may  be  necessary. 

Other  problems  are  related  to  management  of  the 
unique  flora  and  fauna.  A  number  of  endemic  plants  are 
classed  as  threatened  or  endangered  and  must  be  given 
adequate  protection.  Although  wildlife  species  are 
limited  and  their  populations  are  low,  a  growing  concern 
exists  for  better  wildlife  management,  especially  for 
recreational  values.  Most  forms  of  recreation  on  salt- 
desert  shrub  ranges  employ  off-road  vehicles  to  reach 
scenic,  hunting,  camping,  and  rock-collection  areas;  and 
the  wheels  can  destroy  vegetation,  including  microphytic 
crusts,  and  cause  accelerated  wind  and  water  erosion 
(West  1982). 

An  adequate  classification  system  has  not  been 
developed  for  salt-desert  vegetation  or  sites;  conse- 
quently, range  condition  and  trend  cannot  be  easily 
evaluated  and  management  practices  cannot  be  readily 
extrapolated.  Although  considerable  attention  has  been 
given  to  the  effect  of  grazing  on  salt-desert  shrub  ranges 
(Holmgren  1973),  complete  grazing  systems  have  not 
been  synthesized  and  tested  nor  have  effects  of  kind  of 
livestock  and  their  relations  with  wildlife  been  adequate- 
ly determined. 

Management  of  salt-desert  shrub  ranges  is  further 
complicated  by  pests  such  as  insects  and  diseases  that 
damage  the  vegetation,  rodents  and  rabbits  that  use 
forage  and  provide  food  for  predators,  and  introduced 
annual  weeds  such  as  Russian  thistle  and  cheatgrass 


that  compete  with  native  species,  or  halogeton  that  can 
be  extremely  toxic  to  sheep  (Hutchings  1966b). 
Predators  such  as  bobcats  and  coyotes  can  also  have 
serious  impacts  on  populations  of  antelope  or  domestic 
sheep.  Much  information  is  needed  on  what  is  normal 
and  what  needs  management  attention. 

IMPORTANT  SPECIES  OF  THE  SALT- 
DESERT  SHRUB  ECOSYSTEM 

Ecosystem  is  a  term  proposed  by  Tansley  (1935)  to 
include  living  organisms  of  a  community  and  the  asso- 
ciated nonliving  environment.  Although  the  salt-desert 
shrub  ecosystem  has  numerous  components,  attention 
here  is  focused  on  vegetation,  climate,  and  soils. 

Shrubby  Chenopods 

Commonly  known  as  saltbushes,  shrubby  chenopods 
are  the  principal  vegetal  component  of  salt-desert  shrub 
ranges.  They  provide  livestock  forage,  wildlife  habitat, 
and  ground  cover  to  stabilize  dry  saline/alkaline  soils 
where  few  other  plants  are  adapted  (Blauer  and  others 
1976). 

Various  species  or  ecotypes  show  tremendous  dif- 
ferences in  tolerance  to  salinity  and  have  a  remarkable 
ability  to  persist  under  wide  climatic  variations 
(McArthur  and  others  1978).  All  saltbushes  bear  a  one- 
celled  fruit  known  as  a  utricle,  within  which  is  a  single 
seed.  The  utricle  wall  may  be  thin  and  easily  removed 
from  the  seed,  as  with  winterfat,  or  hard,  as  with 
shadscale.  Unless  seed  coats  are  restrictive,  germination 
takes  place  quickly  in  a  favorable  moisture  and 
temperature  environment.  Utricles  that  have  indurated 
walls  may  lie  a  year  or  more  in  the  ground  before  ger- 
mination. This  attribute  seems  to  promote  survival  of 
the  species  because  it  insures  a  seed  supply  when 
favorable  conditions  occur.  Most  shrubby  chenopods  are 
highly  nutritious  with  a  higher  protein  content  than 
many  other  plants.  Several  species  have  persistent 
leaves  that  remain  green  and  palatable  throughout  the 
winter.  Blauer  and  others  (1976)  and  McArthur  and 
others  (1978)  have  developed  descriptions  of  the  major 
species  of  shrubby  chenopods.  Summaries  emphasizing 
characteristics  and  distribution  follow: 

Atriplex  canescens  (fourwing  saltbush). — This  large 
shrub  ranges  from  1.65  to  6.6  ft  (0.5  to  2  m)  tall  (fig.  3). 
It  branches  freely  from  the  base.  Both  the  young  twigs 
and  leaves  are  gray  green  because  of  the  white  ,  scurfy 
vestiture.  The  linear  to  oblanceolate  evergreen  leaves  are 
0.4  to  1.6  inches  (1  to  4  cm)  long  and  0.08  to  0.24  inch  (2 
to  6  mm)  wide.  This  saltbush  is  usually  dioecious,  but  a 
small  percentage  of  monoecious  plants  is  common  in 
many  populations.  Pistillate  flowers  are  inconspicuous 
with  no  parts  other  than  a  pistil  enclosed  by  a  pair  of 
small  bracts  that  are  united  along  their  edges  to  form 
winglike  expansions.  In  addition,  each  bract  of  the  pair 
has  a  wing  down  its  middle  causing  the  somewhat- 
variable  fourwing  characteristic  of  the  utricle.  Yellow  to 
red  staminate  (male)  flowers  are  borne  in  glomerules  0.08 
to  0.12  inch  (2  to  3  mm)  wide.  Blooming  of  fourwing 
varies  from  May  to  August  depending  on  latitude  and 
elevation.  Utricles  mature  14  to  16  weeks  after  flowering. 


This  species,  one  of  the  most  widespread  of  western 
shrubs,  grows  on  a  wide  variety  of  soil  types  from  the 
Great  Plains  to  the  coast  ranges  and  from  Canada  to 
Mexico  at  elevations  from  below  sea  level  to  about  8,000 
ft  (2  440  m).  Fourwing  is  frequently  associated  with 
greasewood,  shadscale,  basin  big  sagebrush  (Artemisia 
tridentata  ssp.  tridentata),  winterfat,  and  a  number  of 
grasses.  Because  of  its  abundance,  evergreen  habit, 
palatability,  nutritive  value,  and  rapid  growth  rate,  four- 
wing is  one  of  the  most  valuable  forage  shrubs  in  arid 
rangelands.  It  has  remarkable  ability  to  tolerate  twig 
removal  by  grazing  by  regenerating  new  twigs  on  old 
wood  within  the  crown.  Also,  it  is  important  in  the 
rehabilitation  of  western  rangelands  because  it  can  be 
easily  propagated  by  direct  seeding,  transplanting,  or 
using  stem  cuttings. 

Atriplex  confertifolia  (shadscale  saltbush). — Shadscale 
is  a  compact,  spinescent  shrub  growing  typically  in 
dense  clumps  from  8  to  32  inches  (2  to  8  dm)  high  and 
12  to  68  inches  (3  to  17  dm)  wide  (fig.  4).  The  rigid 
branches  are  scurfy  when  young,  but  become  smooth 
and  spiny  with  age.  The  gray-scurfy  leaves  are  nearly 
circular  to  elliptic,  oval,  or  oblong,  0.36  to  1  inch  (9  to 
25  mm)  long  and  0.16  to  0.8  inch  (4  to  20  mm)  wide. 
Flowers  of  shadscale  are  similar  to  those  of  fourwing  ex- 
cept in  the  nature  of  the  bracts  enclosing  the  seed.  The 
bracts  of  shadscale  are  foliose,  0.20  to  0.48  inch  (5  to  12 
mm)  long,  broadly  ovate  to  round,  united  at  the  base, 
with  free,  somewhat  spreading  margins.  Blooming  varies 
from  late  March  in  the  southern  part  of  its  range  to 
about  mid-June  in  the  north.  Utricles  mature  about  15 
weeks  after  blooming.  They  are  fairly  persistent  through 
the  winter  and  are  sought  out  by  grazing  animals. 

Shadscale  is  widely  distributed  from  Canada  to  Mexico 
at  elevations  from  1,500  to  7,000  ft  (460  to  2  135  m).  It 
occurs  most  often  on  fine-textured,  alkaline  soils,  but 
also  on  coarser  soils  containing  considerable  sand.  It  oc- 
curs in  nearly  pure  stands  and  in  mixtures  with  winter- 
fat, budsage,  black  sagebrush,  low  rabbitbrush,  hopsage, 
greasewood,  gray  molly  (Kochia  americana  ssp.  vestita), 
other  saltbushes,  and  several  species  of  grass.  A  number 
of  ecotypes  grow  on  a  wide  range  of  sites  including 
highly  alkaline  soils.  Shadscale  has  a  short  life  span  and 
is  often  killed  by  droughts. 

Shadscale  twigs  become  rigid  and  spiny  as  they 
mature,  and  during  the  winter  some  forms  are  nearly 
leafless.  The  spiny  characteristic  protects  the  plant  from 
heavy  grazing  damage.  Nevertheless,  it  provides 
palatable  and  nutritious  forage  to  a  wide  variety  of 
livestock  and  other  animals.  It  is  an  increaser  on  many 
areas  and  often  becomes  dominant  as  more  palatable 
species  are  killed  by  grazing. 

Atriplex  corrugata  (mat  saltbush).— This  is  a  low  shrub 
that  forms  dense,  prostrate  mats  from  adventitious 
rooting  (fig.  5).  The  bark  is  soft,  spongy,  and  white.  The 
evergreen,  sessile  leaves  are  opposite  on  the  lower  part 
of  the  stems  and  alternate  above.  They  are  densely 
scurfy  and  from  0.28  to  0.72  inch  (7  to  18  mm)  long.  The 
plants  are  dioecious  or  rarely  monoecious.  Yellow  to 
light  brown  staminate  flowers  are  born  in  glomerules 
0.12  to  0.24  inch  (3  to  6  mm)  wide  on  nearly  naked 
spikes.  The  pairs  of  fruiting  bracts  that  enclose  the 


pistils  of  the  female  flowers  are  sessile,  0.12  to  0.20  inch 
(3  to  5  mm)  long,  0.16  to  0.24  inch  (4  to  6  mm)  wide,  and 
united  along  most  of  their  length.  The  plant  flowers 
from  April  to  June.  Fruit  ripens  5  to  6  weeks  later. 
Mat  saltbush  occurs  mainly  on  soils  derived  from 
mancos  shale  in  eastern  Utah,  western  Colorado,  and 
northwestern  New  Mexico  at  elevations  from  4,000  to 
7,000  ft  (1  220  to  2  130  m).  It  is  probably  the  most  salt- 
tolerant  shrub  in  the  genus,  but  also  grows  where  salt 
concentrations  are  moderate  in  association  with  such 
shrubs  as  winterfat,  shadscale,  greasewood,  budsage, 
and  gray  molly.  It  is  more  important  for  soil  stabiliza- 
tion than  for  forage. 

Atriplex  cuneata  (Castle  Valley  clover).— The  plant  is  a 
low  shrub  with  a  fairly  prostrate,  much-branched  base 
and  erect  branches  (fig.  5).  It  varies  in  height  from  0.3 
to  1.5  ft  (10  to  45  cm)  and  has  light  gray-green, 
spatulate  to  broadly  elliptic  evergreen  leaves  0.8  to  2.4 
inches  (2  to  6  cm)  long  and  0.2  to  1.0  inch  (0.5  to  2.5  cm) 
wide.  This  species  is  usually  dioecious.  Yellow  to  brown 
staminate  flowers  are  borne  in  glomerules  arranged  in 
panicles,  and  pistillate  flowers  are  in  axillary  clusters 
with  pistils  enclosed  by  wingless  bracts.  At  maturity, 
the  bracts  are  0.2  to  0.45  inch  (5  to  9  mm)  wide,  ir- 
regularly toothed  along  their  margins  with  flattened, 
crestlike  tuberules  on  their  side.  Blooming  occurs  from 
mid-April  to  July,  depending  on  elevation  and  climate. 
Seed  ripens  about  7  weeks  later. 

This  shrub  occurs  in  highly  alkaline  soils  in  eastern 
Utah,  southwestern  Colorado,  and  northern  New  Mexico. 
Often  it  is  the  dominant  plant  or  is  codominant  with 
shadscale  or  mat  saltbush.  It  remains  green  and  suc- 
culent throughout  the  winter  and  is  nutritious  and 
highly  palatable  to  all  grazing  animals. 

Atriplex  gardneri  (Gardner  saltbush).— A  low  half- 
shrub,  woody  at  the  base  but  herbaceous  above  (fig.  6). 
Gardner  saltbush  has  lightly  scurfy  leaves  that  are 
evergreen,  spatulate  to  obovate,  0.6  to  2.2  inches  (15  to 
55  mm)  long  and  0.2  to  0.5  inch  (5  to  12  mm)  wide.  The 
spineless,  decumbent  branches  often  produce  adven- 
titious roots  where  they  contact  the  soil.  Annual  flower 
stalks  arise  from  the  woody  portion  of  the  plant.  Most 
plants  are  dioecious.  The  brown  staminate  flowers  are 
borne  in  glomerules  0.12  to  0.20  inch  (3  to  5  mm)  wide 
on  nearly  naked,  terminal  panicles,  whereas  pistillate 
flowers  are  borne  on  leafy  spikes.  Gardner  saltbush 
flowers  from  mid-May  to  early  July  and  intermittently 
following  heavy  rains.  Fruit  ripens  about  7  weeks  after 
the  flowering. 

Gardner  saltbush  is  much  more  restricted  in  its 
habitat  than  are  fourwing  and  shadscale.  It  is  most 
abundant  on  badland  clay  soils  with  a  fairly  high  concen- 
tration of  soluble  salts.  It  is  found  mostly  in  Wyoming 
and  Montana,  but  also  in  Colorado,  Utah,  and  southern 
Idaho.  This  species  is  important  as  browse  for  game  and 
livestock  and  for  soil  stabilization.  It  tolerates  severe 
use,  especially  during  winter. 

Atriplex  tridentata  (saltsage).— According  to  Stutz  and 
others  (1979),  saltsage  has  several  characteristics  that 
distinguish  it  from  other  species  of  Atriplex.  It  is 
upright  in  habit,  with  numerous  linear  leaves  borne  on 
i  coarse,  herbaceous,  greenish-gray  stems  (fig.  7).  It  is  one 


of  the  latest  of  the  Atriplex  species  to  flower— usually 
during  June  or  early  July.  Consequently,  its  fruits 
mature  late  and  may  be  harvested  as  late  as  midwinter. 

Although  saltsage  can  sometimes  be  confused  with 
Gardner  saltbush,  they  differ  in  several  features. 
Gardner  saltbush  is  usually  prostrate  with  only  a  few 
upright,  sparsely-leafed  flowering  stalks,  mostly  less 
than  12  inches  (30  cm),  whereas  saltsage  is  an  erect 
plant,  with  many  leaves  on  the  numerous,  tall  flower 
stalks.  Most  Gardner  saltbush  leaves  are  borne  close  to 
the  ground,  but  most  saltsage  leaves  are  high  above  the 
ground  and  crowded  along  the  stems.  Leaves  of  Gardner 
saltbush  are  spatulate  and  much  shorter  and  broader 
than  the  linear  leaves  of  saltsage.  Saltsage  is  a  vigorous 
root-sprouter,  whereas  Gardner  saltbush  rarely  shows 
this  characteristic.  Gardner  saltbush  flowers  and  pro- 
duces fruit  much  earlier  than  saltsage.  As  for  geograph- 
ical distribution,  Gardner  saltbush  is  abundant  in 
Montana  and  Wyoming;  saltsage  is  confined  mostly  to 
the  Lake  Bonneville  basin  in  Utah  and  the  borders  of 
neighboring  states. 

Ceratoides  lanata  (winterfat). — This  erect  or  spreading 
halfshrub  has  a  wide  variation  in  stature  from  less  than 
16  inches  (40  cm)  to  as  much  as  5  ft  (1.5  m)  (fig.  8). 
Dwarf  forms  are  herbaceous  above  a  woody  base, 
whereas  taller  forms  tend  to  be  woody  throughout. 
Branches  and  leaves  are  covered  with  a  dense  coating  of 
stellate  and  simple  hairs  that  are  white  when  young  but 
become  rust-colored  with  age.  Leaves  are  alternate, 
linear,  0.2  to  2  inches  (5  to  50  mm)  long,  with  entire, 
strongly  revolute  margins.  Winterfat  can  be  either 
monoecious  or  dioecious.  Flowers  are  borne  in  dense 
paniculate  clusters  along  the  upper  part  of  the  branches. 
Pistillate  flowers  are  below  the  staminate  on  monoecious 
plants.  Staminate  flowers  lack  bracts  and  petals,  being 
comprised  of  four  sepals  and  four  stamen  borne  opposite 
the  sepals.  Pistillate  flowers  lack  both  sepals  and  petals. 
Pistils  are  enclosed  by  a  pair  of  bracts  that  are  united 
more  than  half  their  length.  The  bracts  are  covered  by 
long,  silky  hairs  that  distinguish  winterfat  from  the 
saltbushes.  Winterfat  blooms  between  May  and  August; 
fruit  ripens  from  September  to  November.  Seed  produc- 
tion of  winterfat  is  highly  dependent  upon  precipitation, 
and  is  much  less  consistent  than  that  of  the  saltbushes 
{Atriplex  spp). 

Winterfat  approximates  fourwing  saltbush  in  distribu- 
tion, ranging  from  Canada  through  the  Great  Basin  and 
Rocky  Mountain  States  to  Mexico,  and  from  California 
and  Washington  eastward  to  North  Dakota  and  Texas. 
It  is  most  abundant  on  lower  foothills,  plains,  and 
valleys  with  dry,  subalkaline  soils.  It  often  occurs  as 
pure  stands  over  wide  areas.  It  is  a  palatable  and 
nutritious  browse  for  both  livestock  and  big  game. 
However,  abusive  grazing  has  reduced  or  eliminated 
winterfat  on  some  areas  even  though  it  is  fairly  resistent 
to  such  use. 

Grayia  spinosa  (spiny  hopsage). — This  spinescent  shrub 
is  erect,  diffusely  branched,  and  from  12  to  48  inches  (3 
to  12  dm)  in  height  (fig.  9).  The  deciduous,  somewhat 
fleshy  leaves  are  oblanceolate,  0.16  to  1.7  inches  (0.4  to 
4.3  cm)  long,  0.08  to  0.5  inch  (2  to  13  mm)  wide.  The 
small,  greenish,  unisexual  flowers  usually  occur  on 
separate  plants,  but  a  few  may  be  monoecious. 


Staminate  flowers  are  clustered  in  glomerules  in  the 
axils  of  leaves,  whereas  pistillate  flowers  are  mostly  in 
dense  terminal  spikes.  Fruits  are  enclosed  by  pairs  of 
rounded,  flat-winged,  sessile  bracts,  0.2  to  0.5  inch  (5  to 
12  mm)  wide,  and  often  tinged  with  red.  Flowering 
period  is  from  April  to  June,  and  seeds  mature  by  mid- 
July.  Leaves  usually  fall  shortly  after  seed  maturity. 

Spiny  hopsage  is  found  on  a  wide  range  of  soils  from 
California  to  eastern  Oregon  and  Washington,  and  east 
to  New  Mexico,  Colorado,  and  Wyoming.  Soils  are 
typically  high  in  calcium  and  strongly  basic,  but  may 
also  be  neutral.  It  is  a  valuable  forage  plant  in  areas 
where  it  is  abundant,  especially  in  the  spring  when  in 
full  leaf. 

Kochia  americana  ssp.  vestita  (gray  molly). — A  small 
halfshrub  up  to  20  inches  (5  dm)  tall  (fig.  10),  gray 
molly's  numerous,  erect  branches  and  leaves  are  covered 
with  long,  silky  hairs.  The  linear,  fleshy,  somewhat 
terete  leaves  are  0.2  to  1.2  inches  (5  to  30  mm)  long. 
Perfect  or  pistillate  flowers  are  borne  singly  or  in  small 
clusters  in  the  axils  of  leaves.  The  fruit  is  largely  con- 
cealed in  a  persistent  calyx,  which  develops  fanlike, 
papery  wings  up  to  0.12  inch  (3  mm)  long.  Blooming  oc- 
curs between  June  and  August,  depending  on 
precipitation. 

Gray  molly  usually  occurs  on  saline  or  alkaline  clay 
soil  on  plains  and  foothills  at  elevations  from  4,500  to 
6,000  ft  (1  370  to  1  830  m).  It  ranges  from  southern 
Montana,  west  to  Oregon,  and  south  to  New  Mexico  and 
Arizona.  A  fair  forage  for  livestock,  the  dry,  dead  twigs 
are  taken  by  both  sheep  and  cattle  in  winter. 

Sarcobatus  vermiculatus  (black  greasewood). — This  is 
an  erect,  spiny-branched  shrub  up  to  10  ft  (3  m)  tall  (fig. 
11).  Deciduous,  bright  green  leaves  are  0.4  to  1.6  inches 
(1  to  4  cm)  long,  narrowly  linear,  and  semiterete.  It  is 
usually  monoecious  with  staminate  flowers  borne  in 
catkinlike  spikes  0.2  to  1.2  inches  (0.5  to  3  cm)  long. 
Flowers  lack  both  sepals  and  petals  and  consist  of  only 
two  or  three  stamens  borne  under  long-stalked,  shieldlike 
bracts.  Pistillate  flowers  are  borne  below  the  staminate 
catkin  in  the  axils  of  reduced  leaflike  bracts.  Flowers 
bloom  from  May  to  July.  Pistils  are  enclosed  by  cuplike 
perianths,  the  lower  parts  of  which  become  adherent  to 
the  ovaries,  and  the  upper  parts  expand  into  broad, 
membranous  wings  of  the  fruit.  Seed  production  is  abun- 
dant in  occasional  years. 

Greasewood  grows  on  a  wide  range  of  soils  but  is  most 
characteristic  on  rather  heavy,  alkaline  areas  where  flood 
waters  collect  or  where  the  water  table  is  high  at  least 
part  of  the  year.  It  ranges  from  Canada  to  Texas  and 
California  and  from  the  Dakotas,  Colorado,  and  New 
Mexico  west  to  Oregon,  Washington,  and  California. 
Greasewood  can  be  found  in  nearly  pure  stands,  but  in 
less  saline  areas  it  may  be  associated  with  such  shrubs 
as  shadscale,  Gardner  saltbush,  rabbitbrush,  basin  big 
sagebrush,  budsage,  spiny  hopsage,  and  winterfat.  It  is 
browsed  by  cattle  when  green,  but  contains  soluble  ox- 
alates that  may  cause  poisoning  and  death  if  hungry 
animals  consume  large  amounts  in  a  short  time. 


Shrubby  Composites 

Several  shrubs  belonging  to  the  family  Asteraceae  are 
important  components  of  many  salt-desert  shrub  com- 
munities or  grow  in  close  association  with  them.  These 
include  budsage,  black  sagebrush,  basin  big  sagebrush, 
and  low  rabbitbrush.  Descriptions  of  these  species  em- 
phasizing characteristics  and  distribution  were  developed 
by  McArthur  and  others  (1979)  and  are  summarized  in 
the  following  paragraphs. 

Artemisia  spinescens  (budsage). — A  low,  spinescent, 
aromatic  shrub  4  to  20  inches  (1  to  5  dm)  high  (fig.  12), 
budsage  is  profusely  branched  from  the  base  and  has 
white-tomentose  pubescence  on  young  twigs  and  leaves. 
Leaves  are  small,  mostly  0.8  inch  (2  cm)  or  less  in  length 
including  the  petiole.  Leaves  are  three  to  five  palmately 
parted,  with  the  divisions  again  divided  into  three  linear- 
spatulate  lobes.  Unlike  most  species  of  Artemisia,  bud- 
sage is  deciduous,  with  leaves  falling  by  midsummer. 
Early  in  the  spring  when  budsage  first  shows  signs  of 
breaking  dormancy,  the  bark  from  last  season  can  easily 
be  pulled  off.  In  this  condition,  known  as  "slipping," 
budsage  is  extremely  palatable  to  game  and  livestock. 
New  bright-green  leaves  are  produced  as  early  as 
February  or  March. 

Budsage  bears  small  flower  heads  0.12  to  0.2  inch  (3 
to  5  mm)  long  in  glomerate  racemes  of  one  to  three 
heads  in  leaf  axils  of  the  flower  branches.  Each  head 
contains  2  to  6  fertile,  pistillate  ray  flowers  and  5  to  13 
perfect  but  sterile  flowers  with  abortive  ovaries.  The 
loose  flower  heads  are  held  together  by  long,  matted 
hairs  that  cover  the  corolla  and  especially  the  achenes. 
The  heads  fall  from  the  plant  intact,  without  breaking 
apart  to  release  the  seed.  Seeds  sometimes  germinate 
while  still  in  the  head.  Good  seed  production  occurs  in- 
frequently because  flowers  bloom  so  early  in  the  spring 
that  developing  embryos  are  often  frozen.  However, 
abundant  reproduction  occurs  in  years  of  plentiful  seed 
and  favorable  moisture. 

Budsage  is  found  on  dry,  often  saline  plains  and  hills 
from  southwestern  Montana,  southeastern  Idaho,  and 
eastern  Oregon,  southwest  to  California,  New  Mexico, 
Arizona,  and  Colorado.  It  is  often  associated  with 
shadscale,  black  greasewood,  and  other  salt-tolerant 
shrubs,  and  in  some  areas  with  black  sagebrush  and 
basin  big  sagebrush.  It  provides  palatable,  nutritious 
forage  for  upland  birds,  big  game,  and  livestock. 

Artemisia  nova  (black  sagebrush). — This  sagebrush  is  a 
small  spreading  aromatic  shrub  6  to  18  inches  (1.5  to  4.5 
dm)  tall  with  dull,  grayish-tomentose  vestiture  that 
causes  some  races  of  it  to  appear  darker  than  other 
sagebrushes  (fig.  13).  Numerous,  erect  branches  arise 
from  a  spreading  base,  but  black  sagebrush  has  not  been 
observed  to  layer  or  sprout.  Typical  leaves  are  ever- 
green, cuneate,  viscid  from  a  glandular  pubescence,  0.2 
to  0.8  inch  (0.5  to  2  cm)  long,  0.08  to  0.32  inch  (2  to  8 
mm)  wide,  and  three-toothed  at  the  apex.  The  uppermost 
leaves,  particularly  on  the  flowering  stems,  may  be  en- 
tire. Flower  heads  are  grouped  into  tall,  narrow, 
spikelike  panicles  that  extend  above  the  herbage.  The  in- 
florescence stalks  are  red-brown  and  persistent.  Heads 
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usually  contain  from  three  to  five  disc  flowers  with 
corollas  0.07  to  0.12  inch  (1.8  to  3  mm)  long.  The  8  to  12 
involucral  bracts  are  greenish  yellow  and  nearly 
glabrous.  Flowering  occurs  from  August  to  mid- 
September,  and  seeds  mature  in  October  and  November. 

Black  sagebrush  is  most  abundant  at  elevations  from 
5,000  to  8,000  ft  (1  500  to  2  400  m)  on  dry,  shallow, 
stony  soils  often  underlain  by  bedrock  or  hardpan.  In 
the  Great  Basin,  this  species  is  more  closely  associated 
with  salt-desert  habitats  than  any  other  Artemisia  with 
the  exception  of  budsage.  It  is  highly  palatable  to  sheep, 
antelope,  and  sage  grouse. 

Artemisia  tridentata  ssp.  tridentata  (basin  big 
sagebrush).— This  sagebrush  is  an  erect,  heavily 
branched,  unevenly-topped  shrub  with  trunklike,  main 
stems  (fig.  14).  Shrubs  range  between  1.5  and  6.6  ft  (0.5 
and  2  m)  in  height.  However,  some  forms  may  reach  15 
ft  (4.5  m)  in  nondesert  habitats.  The  evergreen, 
vegetative  leaves  are  narrowly  lanceolate,  up  to  2  inches 
(5  cm)  long  by  0.2  inch  (5  mm)  wide,  and  typically  three- 
toothed  at  the  apex.  The  leaves  of  the  flowering  stems, 
however,  gradually  become  smaller  and  may  be  linear  or 
oblanceolate  and  entire.  The  gray-canescent  foliage 
possesses  a  strongly  pungent,  aromatic  odor.  Flowering 
stems  arise  throughout  the  uneven  crown  and  bear 
numerous  flower  heads  in  erect,  leafy  panicles.  The 
heads  contain  three  to  six  small,  yellowish  or  brownish, 
trumpet-shaped,  perfect  disc  flowers.  The  narrowly 
campanulate  involucre  consists  of  canescent  bracts  0.12 
to  0.16  inch  (3  to  4  mm)  long  and  about  0.08  inch  (2  mm) 
wide  that  form  four  to  five  overlapping  series  around 
each  head.  The  outermost  bracts  are  less  than  a  fourth 
as  long  as  the  innermost  bracts.  Flowering  occurs  from 
late  August  to  October.  Seed  matures,  depending  on 
site,  from  October  to  November. 

This  subspecies  has  generally  been  regarded  as  in- 
tolerant of  alkali,  but  there  are  ecotypes  that  grow  in 
association  with  alkali-tolerant  plants  such  as  black 
greasewood  and  shadscale.  Some  forms  or  races  of  basin 
big  sagebrush  are  palatable  to  livestock  as  well  as  deer 
and  antelope.  It  is  generally  considered  one  of  the  most 
nutritious  shrubs  on  winter  game  and  livestock  ranges. 
Despite  some  evidence  that  digestibility  of  big 
sagebrush  was  suppressed  by  high  content  of  volatile 
oils  (Nagy  and  others  1964),  Welch  and  Pederson  (1981) 
found  no  relation  between  total  volatile  oil  content  and 
digestibility. 

Chrysothamnus  viscidiflorus  sspp.  axillaris  and 
puberulus  and  C.  greenei  (low  rabbitbrushes).— These 
small,  glabrous  shrubs  are  up  to  12  inches  (3  dm)  high 
with  white  bark  (fig.  15).  Leaves  are  linear-filiform,  often 
twisted,  viscidulous,  0.08  inch  (2  mm)  or  less  wide,  0.4  to 
1.2  inches  (1  to  3  cm)  long.  Flower  heads  contain  perfect, 
fertile,  yellow  disc  flowers  each  arranged  in  compact 
terminal  cymes.  Fairly  common  on  Great  Basin  desert 
ranges,  these  shrubs  are  also  found  in  sagebrush  com- 
munities on  the  poorer  soils  and  disturbed  areas.  They 
associate  with  such  salt-desert  shrubs  as  winterfat, 
shadscale,  fourwing  saltbush,  and  black  sagebrush.  Low 
rabbitbrushes  increase  when  more  palatable  species  are 
destroyed  by  improper  use. 


Grasses 

Both  warm-season  and  cool-season  grasses  are 
associated  with  various  plant  communities  of  salt-desert 
shrub  ranges.  The  following  descriptions,  characteristics, 
and  distributions  of  the  grasses  are  largely  from  Dayton 
and  others  (1937)  and  Hitchcock  and  Chase  (1950). 

Hilaria  jamesii  (galleta).— An  erect,  open  sod-forming, 
perennial  grass,  galleta  has  a  decumbent  base  and  tough, 
scaly  rhizomes  (fig.  16).  Culms  are  glabrous,  but  the 
nodes  are  villous.  Spikes  are  distinctive,  resembling 
those  of  wildrye  or  wheatgrass,  but  are  readily 
distinguishable  by  their  broad,  papery  glumes.  The 
spikelets  are  borne  in  close  stemless  clusters  alternately 
arranged  on  a  zigzag  rachis.  Each  cluster  has  three 
spikelets,  with  only  the  center  one  producing  seeds.  The 
entire  cluster  falls  at  maturity  leaving  the  rachis  naked. 
Leaf  blades  are  rigid,  soon  involute,  mostly  0.8  to  2 
inches  (2  to  5  cm)  long  and  0.08  to  0.16  inch  (2  to  4  mm) 
wide.  It  grows  on  mesas,  plains,  and  deserts  from 
Wyoming,  Utah,  and  Nevada  south  to  southern 
California,  Arizona,  and  New  Mexico.  Galleta  is  most 
palatable  when  green  and  succulent,  but  often  receives 
considerably  use  in  winter  when  the  leaves  are  cured. 
Because  of  its  tough,  woody  rhizomes,  this  plant  can 
reproduce  itself  despite  pressures  from  grazing  or 
drought.  It  is  a  warm-season  grower  and  will  not  go  into 
its  reproductive  phase  without  adequate  summer 
precipitation. 

Sporobolus  cryptandrus  (sand  dropseed). — Grasses  of 
the  genus  Sporobolus,  have  one-flowered  spikelets,  the 
rachilla  disarticulating  above  the  glumes,  which  are  one- 
nerved  and  usually  unequal.  Lemmas  are  membran- 
aceous, one-nerved,  and  awnless.  Palea  is  prominent  and 
as  long  as  the  lemma.  Seeds  are  free  from  lemma  and 
palea,  falling  readily  from  the  spikelet  at  maturity. 

Sand  dropseed  is  a  perennial  grass  usually  occurring  in 
tufts,  12  to  40  inches  (30  to  100  cm)  tall  (fig.  17).  Leaves 
are  0.08  to  0.2  inch  (2  to  5  mm)  wide,  more  or  less  in- 
volute in  drying  and  tapering  to  a  fine  point.  Sheaths 
have  a  conspicuous  tuft  of  long,  white  hairs  at  the  sum- 
mit. Panicles  are  usually  included  at  the  base.  This 
species  is  widely  distributed  throughout  the  United 
States,  and  occurs  in  all  the  western  range  States.  It  is 
also  a  warm-season  grower  and  may  have  two  or  more 
reproductive  phases  if  precipitation  is  favorable.  Because 
the  foliage  is  palatable  to  livestock,  it  is  often  over- 
grazed. However,  sand  dropseed  is  a  prolific  seeder  and 
can  increase  in  depleted  ranges  under  good  management. 

Sporobolus  airoides  (alkali  sacaton).— This  bunchgrass 
is  a  robust,  spreading,  perennial  20  to  40  inches  (50  to 
100  cm)  tall  (fig.  18).  Sheaths  are  pilose  at  the  throat, 
and  ligules  are  also  pilose.  Leaves  are  elongate,  flat,  but 
soon  becoming  involute,  usually  less  than  0.16  inch 
(4  mm)  wide.  Panicles  are  nearly  half  the  length  of  the 
plant  with  stiff,  slender,  widely  spreading  branches.  A 
common  habitat  is  alkaline  flats  where  it  sometimes  oc- 
curs in  nearly  pure  stands.  It  also  grows  in  nonalkaline 
plains  and  valleys.  Alkali  sacaton  is  widely  distributed 
throughout  the  West  from  Washington  to  South  Dakota 
and  western  Texas  to  California.  Its  coarse  foliage  is 
readily  eaten  by  cattle  and  horses,  but  is  poor  forage  for 
sheep. 


Bouteloua  gracilis  (blue  grama).— Another  warm-season 
grass  frequently  associated  with  salt-desert  shrub 
vegetation,  blue  grama  is  a  closely  tufted  perennial  8  to 
20  inches  (20  to  50  cm)  tall  (fig.  19).  It  is  leafy  at  the 
base  with  flat  or  loosely  involute  blades  0.04  to  0.08  inch 
(1  to  2  mm)  wide.  Each  slender  stem  typically  bears  two 
falcate  spikes  1  to  2  inches  (2.5  to  5  cm)  long,  with  a 
rachis  that  does  not  extend  beyond  the  spikelets.  It  oc- 
curs on  plains  and  foothills  in  dry,  sandy,  or  gravelly 
soils  as  well  as  compact  loams  and  gumbos.  It  is  widely 
distributed  throughout  the  West  and  the  Great  Plains. 
Blue  grama  is  a  valuable  forage  for  all  kinds  of  livestock 
in  most  situations,  but  is  used  only  lightly  on  Great 
Basin  winter  ranges. 

Oryzopsis  hymenoides  (Indian  ricegrass). — This  hardy, 
densely  tufted  perennial  bunchgrass  grows  during  the 
cool  season  in  several  salt-desert  shrub  communities  and 
elsewhere  throughout  the  Western  United  States  (fig. 
20).  Like  other  species  of  the  genus,  its  spikelets  are  one- 
flowered,  disarticulating  above  the  glumes.  Leaf  blades 
are  slender,  involute,  and  nearly  as  long  as  the  culms. 
Its  panicle  is  diffuse,  2.8  to  6  inches  (7  to  15  cm)  long^ 
with  slender,  dichotomous  branches.  Ricegrass  is  highly 
palatable  to  all  classes  of  livestock  in  both  green  and 
cured  condition. 

Sitanion  hystrix  (bottlebrush  squirreltail). — A  bristly 
headed,  perennial  bunchgrass,  4  to  20  inches  (10  to  50 
cm)  tall  (fig.  21),  this  plant's  leaves  are  glabrous  or 
puberulent  to  densely  white-pubescent,  2  to  8  inches  (5 
to  20  cm)  long  and  0.04  to  0.12  inch  (1  to  3  mm)  wide. 
Spikes  are  erect,  0.8  to  2.8  inches  (2  to  7  cm)  long  or 
longer,  the  rachis  disarticulating  at  the  nodes.  It  is  wide- 
ly distributed  throughout  the  West  on  dry,  gravelly  soils 
or  alkaline  conditions.  Bottlebrush  squirreltail  is  only 
moderately  palatable  to  livestock  during  most  seasons, 
but  it  is  a  valuable  winter  forage.  The  basal  leaves  begin 
to  grow  in  late  fall,  and  often  remain  green  and  suc- 
culent through  the  winter.  Sheep  relish  this  green 
foliage,  and  consequently  only  scattered  plants  remain 
on  heavily  grazed  winter  ranges. 

Perennial  Forbs 

Broadleaf,  herbaceous  plants,  commonly  known  as 
forbs,  are  not  prominent  in  most  salt-desert  shrub  com- 
munities. Although  numerous  annual  forbs  may  be  pres- 
ent in  substantial  amounts,  especially  in  years  of 
favorable  moisture,  perennial  species  are  generally  unim- 
portant. At  least  one  species,  however,  is  worthy  of  note: 

Sphaeralcea  grossulariae folia  (gooseberryleaf 
globemallow).— This  is  a  grayish-stellate,  erect,  perennial 
forb  12  to  28  inches  (3  to  7  dm)  tall  (fig.  22).  Leaf  blades 
are  0.8  to  2.6  inches  (2  to  5  cm)  long,  three-parted,  the 
lower  division  again  deeply  cleft.  Inflorescences  are  inter- 
rupted and  compound.  Petals  are  reddish  and  0.4  to  0.8 
inch  (1  to  2  cm)  long.  Carpels  (fruit)  are  two-seeded, 
rugose-reticulate;  seeds,  mostly  pubescent  (Hitchcock 
and  others  1961).  It  is  widely  distributed  from  Idaho 
and  Washington  south  to  New  Mexico  and  Arizona  on 
salt-desert  shrub  and  adjacent  sagebrush-grass  ranges. 
It  is  a  desirable  forage  species,  especially  on  salt-desert 


winter  ranges.  Because  globemallow  is  a  short-lived 
plant,  perpetuation  requires  favorable  conditions  for  its 
establishment  every  2  or  3  years. 

Annuals 

Although  native  annuals  are  not  especially  important 
on  salt-desert  shrub  ranges,  three  introduced  species— 
cheatgrass,  Russian  thistle,  and  halogeton— have  in- 
vaded large  areas  of  salt-desert  winter  range.  These 
species  have  often  replaced  desirable  native  forage 
plants  as  the  latter  were  weakened  or  killed  by  abusive 
grazing,  weather,  or  other  factors.  Production  of  these 
species  varies  tremendously  from  year  to  year. 

Bromus  tectorum  (cheatgrass). — This  erect  winter  or 
summer  annual  is  12  to  24  inches  (30  to  60  cm)  tall,  with 
pubescent  sheaths  and  blades.  Panicles  are  2  to  6  inches 
(5  to  15  cm)  long,  rather  dense,  soft,  and  drooping,  and 
often  purple  during  early  stages  (fig.  23).  It  is 
widespread  throughout  the  United  States,  especially  in 
the  West  where  it  has  invaded  and  sometimes  replaced 
the  native  vegetation  on  millions  of  acres  of  sagebrush- 
grass,  salt-desert  shrub,  and  other  ranges.  On  salt-desert 
shrub  ranges,  cheatgrass  is  particularly  prominent  in  the 
shadscale  and  black  sagebrush  communities.  Despite  its 
many  undesirable  qualities,  it  can  supply  reasonably 
good  forage  and  ground  cover  for  soil  stabilization. 

Salsola  iberica  (Russian  thistle).— The  plant  is  a  bushy- 
branched  annual  up  to  20  inches  (5  dm)  high  and  2.5  ft 
(7  dm)  broad  (fig.  24).  However,  on  poor  sites  or  crowded 
conditions,  size  is  greatly  reduced.  Russian  thistle  is  at 
first  soft  and  succulent  but  becomes  rigid  with  maturity. 
The  many  sessile,  slender,  alternate  leaves  become 
prickle-tipped.  Flowers  are  small,  papery,  and  in- 
conspicuous, growing  in  the  axils  of  spiny  leaf  clusters 
(Dayton  1960).  Russian  thistle  flourishes  on  good  sites 
but  may  not  occur  there  because  of  competition  from 
other  plants.  It  is  somewhat  salt  resistant  and  grows  on 
some  coarse-textured  alkali  soils,  and  often  forms  pure 
stands  on  overgrazed  areas.  Growth  is  especially  profuse 
in  some  depleted  winterfat  and  big  sagebrush  com- 
munities whenever  summer  precipitation  is  ample.  When 
young  and  succulent,  it  provides  good  forage,  but  qual- 
ity deteriorates  greatly  with  maturity.  Palatability  is  im- 
proved by  softening  following  winter  storms. 

Hologeton  glomeratus  (halogeton). — This  is  a  fleshy  an- 
nual (fig.  24)  with  small,  fingerlike  leaves;  flowers 
without  corolla,  five  sepals  and  five  stamens.  Seeds  are 
borne  in  a  small,  flattened  utricle  (Dayton  1960). 
Halogeton  is  a  prolific  seed  producer.  Seeds  are  black  or 
brown  (Cronin  and  Williams  1966).  Black  seeds,  which 
germinate  whenever  moisture  and  temperature  are 
favorable,  are  viable  for  about  1  year  and  provide  a 
means  of  rapid  spread.  Brown  seeds  do  not  germinate 
readily,  and  they  persist  in  the  soil  for  at  least  10  years, 
providing  a  means  of  species  survival  during  extended 
periods  of  severe  drought.  Because  of  its  relatively  high 
oxalate  content,  halogeton  is  especially  poisonous  to 
sheep,  and  losses  can  be  severe  when  hungry  animals 
graze  where  good  forage  is  lacking. 
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PLANT  COMMUNITIES 

Although  description  and  ecology  of  salt-desert  shrub 
vegetation  have  received  considerable  attention  since  the 
1910's,  a  comprehensive  effort  has  not  been  made  to 
develop  a  usable  classification  system.  West  and 
Ibrahim  (1968)  made  a  study  of  soil-vegetation  relation- 
ships in  the  shadscale  zone  of  southeastern  Utah  and 
described  four  habitat  types  (h.t.)  with  distinctly  dif- 
ferent floristic  composition  and  soil  characteristics. 
These  are:  Atriplex  confertifolia-Hilaria  jamesii,  Atriplex 
nuttallii  var.  nuttallii  (now  A.  tridentata)-Hilaria  jamesii, 
Atriplex  nuttallii  var.  gardneri  (now  A.  gardneri)- Aster 
xylorhiza  (woody  aster),  and  Atriplex  corrugata  (fig.  25). 

Numerous  salt-desert  shrub  communities  have  been 
named,  described,  and  studied,  and  they  provide  a  basis 
for  identification  of  particular  units  and  extrapolation  of 
information.  They  vary  from  almost  pure  stands  of 
single  species  to  fairly  complex  mixtures.  The 
characteristic  mix  of  low  shrubs  and  grasses  is  sparse, 
with  large  open  spaces  between  the  plants.  Ground  cover 
usually  varies  between  2  and  8  percent.  The  interspaces 
between  the  plant  clusters  are  commonly  covered  by  a 
microphytic  crust  (West  1982a),  and  the  surface  will  be 
soft  if  the  site  has  not  been  compacted  by  trampling  of 
animals  or  wheels  of  vehicles.  Wagner  (1980)  speculates 
that  microphytic  crusts  of  these  communities  may  func- 
tionally substitute  for  the  organic  mulch  layer  of  more 
mesic  systems.  Plant  communities  are  normally  distinct, 
but  sometimes  merge  imperceptibly  into  one  another. 

The  following  list  shows  some  28  salt-desert  shrub 
communities,  each  of  which  is  treated  in  some  degree  by 
one  or  more  investigators  (Billings  1945;  Fautin  1946; 
Hutchings  and  Stewart  1953;  Kearney  and  others  1914; 
Singh  1967;  Shantz  and  Piemeisel  1940;  Stewart  and 
others  1940;  Vest  1962;  West  and  Ibrahim  1968;  and 
Wood  1966): 


Shadscale 
Shadscale-grass 
Shadscale- winterfat-gr  ass 
Shadscale- winterfat 
Shadscale-gray  molly 
Shadscale-gray 

molly-greasewood 
Shadscale-budsage 
Winterfat 
Winterfat-low 

rabbitbrush-grass 
Winterfat-grass 
Budsage 

Budsage-  winterfat 
Budsage-hopsage-grease- 

wood 
Budsage-gray  molly 
Greasewood 


Greasewood-shadscale 
Gray  molly 
Gray  molly-Gardner 
saltbush-winterfat 
Black  sagebrush 

Black  sagebrush-shadscale- 

grass 
Low  (little)  rabbitbrush 
Low  rabbitbrush-winterfat- 

grass 
Hopsage 

Fourwing  saltbush 
Mat  saltbush 
Gardner  saltbush 
Gardner  saltbush-woody 

aster 
Saltsage-galleta  grass 


Obviously,  this  list  is  far  from  complete,  with  probably 
less  than  half  of  the  existing  communities  included. 
Because  of  numbers  involved,  the  mosaic  of  small  and 
variable  communities,  and  the  lack  of  classification  by 
habitat  types  or  range  sites,  individual  management 
prescriptions  apparently  cannot  be  developed  for  or 
applied  to  each  shrub  community.  Only  guides  for  salt- 
desert  shrub  ranges  in  general  are  possible. 


While  absence  of  long-time  use  and  vegetation  records, 
generally  poor  correlations  between  vegetation  and  soil, 
and  other  unknowns  make  interpretation  of  change  dif- 
ficult, several  areas,  particularly  in  Utah,  have  been  the 
object  of  intensive  and  sometimes  long-term  study.  On 
such  areas,  stability  of  the  vegetation  and  changes  as  a 
result  of  grazing  or  weather  can  be  predicted  with 
reasonable  accuracy. 

Shadscale  is  the  dominant  plant  on  extensive  areas  of 
salt-desert  shrub  range.  It  forms  almost  pure  stands  on 
deep,  well-drained  soils  in  valley  bottoms  (fig.  26),  and 
on  higher  slopes  is  mixed  with  other  shrubs  and  grasses 
(Hutchings  and  Stewart  1953).  On  the  Desert  Ex- 
perimental Range,  two  communities— shadscale- 
winterfat-grass  (fig.  27)  and  shadscale-grass  (fig.  28)— 
cover  about  half  of  the  land  area.  Grasses  such  as 
Indian  ricegrass  or  galleta  often  occur.  Shadscale  suffers 
more  from  prolonged  drought  than  any  other  of  the  salt- 
desert  shrubs  (Vest  1962).  Where  grazing  has  been  ex- 
cessive, palatable  grasses  and  shrubs  have  often  been 
replaced  by  shadscale,  which  is  protected  from  grazing 
by  its  lower  palatability  and  by  sharp  thorns.  Shadscale 
also  forms  communities  with  gray  molly  and  with  bud- 
sage, but  usually  it  maintains  dominance  because  of  its 
greater  size  and  density.  The  prevailing  color  of  most 
shadscale  communities  is  dull,  grayish  green,  but  in 
autumn  turning  to  yellow,  reddish  brown,  and  purple 
hues  (fig.  26). 

Winterfat  communities  are  second  only  to  shadscale  in 
the  salt-desert  shrub  areas.  They  exist  as  almost  pure 
stands  on  dry,  alluvial  soils  near  valley  bottoms  (fig.  29) 
and  as  mixtures  with  other  species  on  the  lower  valley 
slopes.  Low  rabbitbrush  is  a  common,  though  less 
desirable,  member  of  winterfat  communities,  and  such 
desirable  species  as  Indian  ricegrass,  galleta,  and  black 
sagebrush  are  frequent  associates  (fig.  30).  Although 
winterfat  shoots  have  a  blue-green  color,  this  is  mostly 
hidden  by  a  soft,  white  wool.  It  is  a  palatable  and 
nutritious  plant. 

Budsage  occasionally  grows  in  nearly  pure  stands,  but 
usually  is  found  as  a  member  of  many  other  salt-desert 
shrub  communities,  where  it  is  often  a  codominant  with 
such  species  as  winterfat,  hopsage,  greasewood, 
shadscale,  gray  molly,  and  grasses  (fig.  31).  Budsage  is 
often  found  in  piedmont  areas,  where  soils  are  loamy 
with  occasional  gravel,  and  upper  layers  are  low  in  salt 
content.  Because  of  its  drab  appearance  during  most  of 
the  year,  budsage  has  little  effect  on  the  overall  ap- 
pearance of  the  communities  in  which  it  occurs. 
However,  in  early  spring  its  dark  green  foliage  and 
yellow  blossoms  (fig.  12)  present  a  somewhat  colorful 
aspect  that  lasts  until  early  June.  It  provides  nutritious 
and  palatable  forage,  especially  during  active  growth  in 
early  spring. 

Greasewood  communities  (fig.  32)  normally  occupy  the 
lower,  finer  textured,  more  saline  soils  where  soil 
moisture  supply  is  increased  by  a  high  water  table 
(Shantz  and  Piemeisel  1940)  or  by  supplemental  runoff 
water  from  other  areas  (Vest  1962).  With  reference  to 
other  communities,  it  lies  below  shadscale  and  slightly 
above  the  saltgrass  (Distichilis  spp.)  and  pickleweed 
(Allenrolfea  occidentalis).  However,  between  the  zones  of 
greasewood  and  shadscale  are  wide  tracts  of  a 


greasewood-shadscale  mixture  (fig.  33),  where  adequate 
soil  moisture  is  available  for  the  deep-rooted  greasewood 
and  surface  layers  are  dry  enough  to  permit  growth  of 
shadscale.  Greasewood  also  occurs  on  windblown  hum- 
mocks, where  it  is  mixed  with  sagebrush,  rabbitbrush, 
and  fourwing  saltbush.  Because  of  its  bright  green,  suc- 
culent leaves  and  generally  large  size,  greasewood  adds 
variation  to  otherwise  drab  vegetation.  Because  both 
greasewood  and  shadscale  are  low  in  palatability,  such 
communities  provide  only  limited  forage  for  livestock. 

Gray  molly  occurs  in  almost  pure  stands  resembling 
winterfat  (fig.  34),  but  also  is  commonly  found  in  mix- 
tures with  shadscale,  budsage,  winterfat,  galleta,  or 
Sandberg  bluegrass  (fig.  35).  However,  because  of  its 
small  size  and  drab  appearance,  gray  molly  is  usually  an 
inconspicuous  member  of  such  communities.  Gray  molly 
normally  grows  in  fine-textured,  close-structured  soils 
containing  little  or  no  gravel.  It  provides  fair  forage  for 
livestock,  especially  sheep,  but  associated  species  are 
usually  more  important  for  this  purpose. 

Black  sagebrush  communities  (fig.  36)  are  productive, 
and  consequently  desirable  as  winter  range.  They  nor- 
mally grow  on  rocky  soils  of  the  higher  valley  lands  and 
foothills  where  soil  is  well  drained  and  soil  salts  are  not 
excessive.  However,  a  caliche  layer  is  often  present  at  a 
depth  of  about  18  inches  (45  cm)  or  less.  Species  such  as 
squirreltail,  Indian  ricegrass,  Sandberg  bluegrass, 
galleta,  budsage,  winterfat,  and  low  rabbitbrush  are 
often  intermingled  (fig.  37).  Black  sagebrush  com- 
munities are  not  only  productive  but  also  provide  a  good 
selection  of  palatable  species.  They  are  especially 
valuable  for  sheep  and  antelope. 

Low  rabbitbrush  communities  (fig.  38)  occupy  the 
upland  parts  of  the  valleys  and  consequently  are  closely 
associated  with  black  and  big  sagebrush  communities. 
Although  low  rabbitbrush  may  occur  in  nearly  pure 
stands,  more  often  it  is  mixed  with  winterfat,  sagebrush, 
galleta,  Indian  ricegrass,  sand  dropseed,  globemallow, 
and  sometimes  shadscale  (fig.  39).  Despite  its  dark  green 
foliage,  communities  dominated  by  low  rabbitbrush  often 
appear  light  green  because  of  straw-colored  inflorescence 
retained  from  the  previous  fall.  During  flowering, 
however,  these  areas  are  a  mass  of  golden  yellow.  Soil 
texture  of  land  occupied  by  low  rabbitbrush  is  fairly 
coarse  but  may  not  be  greatly  different  from  adjacent 
communities.  Because  it  is  less  palatable  to  livestock 
than  most  associated  species,  low  rabbitbrush  often  in- 
creases as  grazing  pressures  reduce  the  preferred  plants. 

Spiny  hopsage  is  one  of  the  most  palatable  of  the  salt- 
desert  shrubs.  Although  it  often  occurs  in  fairly  pure 
stands,  it  is  sometimes  in  mixtures  with  budsage, 
greasewood,  low  rabbitbrush,  and  grasses  (fig.  40).  Hop- 
sage  apparently  prefers  sandy  soils,  free  of  salt  and 
hardpans.  Because  it  is  usually  grazed  heavily  by 
livestock  in  spring  and  early  summer,  hopsage  is  being 
replaced  by  such  unpalatable  species  as  low  rabbitbrush. 
Careful  management  will  be  necessary  to  maintain 
satisfactory  stands  of  this  valuable  species. 

Fourwing  saltbush  is  widely  distributed  throughout 
the  West,  especially  in  sagebrush-grass  and  salt-desert 
shrub  communities.  Frequent  associates  are  big  sage- 
brush, shadscale,  Gardner  saltbush,  winterfat,  rabbit- 


brush, and  a  variety  of  grasses  (fig.  41).  Although  it  fre- 
quently occurs  on  sandy  soils,  it  is  not  confined  to  such 
areas  and  is  often  found  on  heavier  soils  intermediate 
between  saline  and  nonsaline  areas,  alternating  with 
greasewood-shadscale  and  winterfat  communities. 
Because  of  its  high  productivity,  palatability,  adapt- 
ability, and  nutritional  qualities,  fourwing  saltbush  and 
associated  communities  are  especially  valuable  as 
livestock  range,  wildlife  habitat,  and  for  soil  stabiliza- 
tion. Unfortunately,  it  has  virtually  disappeared  from 
some  areas  as  a  result  of  yearlong  grazing  by  cattle. 
Plant  communities  dominated  by  mat  and  Gardner 
saltbushes  and  saltsage  are  not  widely  distributed  in  the 
Great  Basin  Desert,  but  are  important  on  localized 
areas.  They  may  be  found  in  almost  pure  stands,  but 
also  in  mixtures  with  galleta,  woody  aster,  budsage,  and 
globemallow.  In  eastern  Utah,  saltsage  communities  are 
found  on  eroded  pediment  slopes,  and  Gardner  saltbush 
communities  are  associated  with  Mancos  shale  badlands, 
whereas  mat  saltbush  communities  are  restricted  to  the 
alluvial  soils.  All  of  these  communities  furnish  winter 
forage  for  sheep. 

CLIMATE 

As  the  name  implies,  the  salt-desert  shrub  region  is 
arid.  Lying  far  from  the  oceanic  sources  of  atmospheric 
moisture  and  in  rain-shadows  of  high  mountain  ranges, 
this  desert  receives  little  precipitation.  The  average  an- 
nual amount  is  generally  less  than  about  7  inches  (17 
cm).  The  amount  received  in  any  year,  however,  might 
be  less  than  half  or  more  than  twice  the  average  for  a 
given  site. 

Over  a  large  part  of  the  geographical  range  of  salt- 
desert  shrub  vegetation,  there  is  little  suggestion  of 
seasonal  pattern  of  occurrence  of  precipitation.  Climatic 
diagrams  do  indicate  that  toward  the  northwesterly  part 
of  the  region,  a  moist  period  is  to  be  expected  in  the 
cold  part  of  the  year,  and  toward  the  southeasterly  part, 
the  period  of  greatest  moisture  will  be  mid-  to  late  sum- 
mer (Visher  1966  and  Houghton  and  others  1975). 
Toward  the  northeast  there  tends  to  be  a  late-spring 
moist  period.  But  plotted  seasonality  of  occurrence  is 
probably  of  less  importance  on  this  desert  than  in  other 
ecosystems  because  desert  precipitation  comes  with  an 
extreme  irregularity  that  does  not  appear  in  graphs  of 
long-term  seasonal  or  monthly  averages.  Any  month  or 
season,  even  the  one  that  is  the  driest  on  the  average, 
may  be  the  wettest  in  a  particular  year,  and  vice  versa. 

The  latitude  and  the  elevation  of  the  salt-desert  shrub 
area  control  its  temperature.  This  "cold  desert"  has 
warm  rather  than  hot  summers  and  cold  winters  with 
several  weeks  of  temperatures  below  (usually  much 
below)  freezing.  Over  the  wide  geographic  range  of  the 
desert,  again  because  of  latitudinal  and  elevational  vari- 
ation and  also  because  of  local  relief  and  aspect  of  the 
land  surface,  there  is  variation  in  length  of  the  summer 
frost-free  period,  usually  between  100  to  150  days.  The 
term  "frost-free  period"  has  less  significance  for  desert 
vegetation  than  for  many  agricultural  crops  because 
many  desert  plant  species  grow  when  daytime  temper- 
atures are  above  the  freezing  point  and  the  soil  is  un- 
frozen, but  the  night  or  early  morning  temperatures  fall 
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below  the  freezing  level.  Frost-free  time  in  arid  country 
is  by  no  means  synonymous  with  "growing  season."  The 
presence  or  absence  of  moisture  determines  whether 
plants  will  grow  when  the  temperature  is  optimum. 

The  desert  is  sunny,  more  so  in  summer  than  in 
winter,  and  the  relative  humidity  of  the  air  is  low.  Wide 
daily  ranges  in  temperature  are  therefore  common  on  the 
desert,  particularly  in  the  valleys  of  interior  drainage. 
Differences  between  day  and  night  temperatures  of  45  °F 
(25°  C)  are  not  uncommon  when  the  sky  is  clear 
(Environ.  Data  Serv.  1968). 

Winds  are  a  usual  feature  of  the  desert.  They  are  often 
strong  and  steady  for  several  days  at  a  time,  especially 
prior  to  arrival  of  a  storm  front.  In  the  warm  part  of  the 
year,  their  effect  is  a  hastening  of  soil  moisture  depletion 
and  a  consequent  reduction  of  its  effectiveness  for  plant 
growth.  A  strong  wind,  when  the  surface  soil  is  dry,  can 
be  a  soil-eroding  agent.  However,  except  for  certain  dune 
areas  and  playas,  wind  itself  is  not  the  primary  cause  of 
wind  erosion.  Soil  stability  is  a  function  of  range 
management  in  the  salt-desert  community.  Winds  that 
accompany  some  of  the  light  snowfalls  of  winter,  causing 
small  drifts  to  form  in  the  lee  of  plants,  are  beneficial  in 
providing  deeper,  although  local,  penetration  of  moisture 
into  the  soil  for  greater  effectiveness  in  promoting  plant 
growth.  Livestock  and  wildlife  use  small  drifts  as  a 
water  resource,  accessible  for  several  days  or  weeks. 

Weather-Plant  Growth  Relations 

Desert  plants  grow  when  the  temperature  is  favorable, 
but  only  if  there  is  soil  moisture  available  at  the  same 
time.  Because  the  moisture  regime  is  so  variable  from 
year  to  year,  and  different  species  flourish  under  dif- 
ferent seasons  of  soil  moisture,  there  is  irregularity  in 
thriftiness  of  species  and  combinations  from  year  to 
year.  Only  rarely  do  all  components  of  the  vegetation 
thrive  at  their  best  in  the  same  year. 

Some  perennial  species  such  as  budsage  and  hopsage 
make  all  their  growth,  including  the  reproductive  phases 
of  flowering  and  fruiting,  in  the  early  part  of  the  warm 
season.  Some  of  them  begin  to  grow  weeks  before  the 
end  of  the  time  of  nightly  frosts.  A  few  species  shed 
their  leaves  and  become  dormant  before  the  hottest  days 
of  summer,  while  others  may  remain  green.  Some  actu- 
ally continue  to  grow,  if  moisture  is  available,  but  dry 
into  dormancy  if  the  soil  moisture  is  depleted.  Other 
species  such  as  black  sagebrush  and  low  rabbitbrush 
begin  growth  early,  yet  flower  in  late  summer  and  fruit 
in  the  fall.  Still  others  wait  for  the  frost-free  period  to 
start  growth.  These  species  usually  require  only  a  few 
weeks  to  complete  a  cycle  of  vegetative  growth  and 
reproduction.  In  years  when  the  pattern  of  rainfall 
makes  it  possible,  there  may  be  more  than  one  growth 
cycle,  even  three  or  four  for  these  warm-season  growers. 
Plants  such  as  winterfat  and  globemallow  are  similar  to 
these  warm-season  growers  in  that  their  reproductive 
development  is  timed  by  rains  and  warm-season  soil 
moisture  rather  than  seasor  or  year.  But  these  species 
also  grow  well  vegetatively  in  the  colder  weather  of  early 
spring  and  late  fall. 

The  desert  annuals  can  also  be  grouped  by  season  of 
growth  and  flowering.  However,  unlike  perennials,  the 


presence  or  absence  of  certain  annuals  depends  on 
weather.  Rains  must  provide  moisture  for  germination 
and  seedling  establishment  at  the  right  season  if  certain 
plants  are  to  appear  at  all  in  a  given  year.  The  so-called 
winter  annuals  are  present  only  in  years  when  rains  of 
the  previous  fall  were  early  enough  and  sufficient  for 
seed  germination.  Some  summer  annuals  germinate  in 
the  cool  early  spring  weather,  but  only  when  soil 
moisture  is  also  near  the  surface.  These  make  little 
above-ground  growth  before  early  summer,  growing  more 
rapidly  later.  Other  species  germinate  and  establish 
seedlings  only  in  late  spring  or  summer. 

The  winter  annuals  all  flower  and  fruit  in  the  spring 
and  die  by  the  time  of  warm  summer  weather.  The  early 
spring  germinators  generally  have  their  specific  seasons 
for  reproduction:  midsummer  or  fall.  Those  that  ger- 
minate with  warm-season  rains  rapidly  go  into  a  repro- 
ductive phase.  If  the  rains  continue  with  the  right  fre- 
quency and  amount,  these  species  continue  to  increase  in 
size  and  to  flower  and  fruit  over  a  considerable  length  of 
time.  Establishment  of  new  perennial  plants,  which  is  by 
seed  for  almost  all  the  desert  species,  is  similar  to  that 
of  annuals. 

Because  rainfall  for  soil  moisture  varies  in  amount 
from  year  to  year,  total  growth  of  vegetation,  regardless 
of  species  making  up  the  type,  also  varies  (see  material 
on  stocking  rate  in  section  on  "Recommended  Grazing 
Management.")  Although  the  high  annual  precipitation 
may  be  three  or  four  times  the  low,  the  above-ground 
yield  of  vegetation  during  high  years  may  be  more  than 
six  times  greater  than  the  low. 

Not  all  areas  produce  annuals.  This  is  especially  true 
where  the  perennial  community  is  vigorous  and  essen- 
tially closed  to  establishment  of  new  plants.  However,  in 
areas  open  to  annual  plant  establishment,  the  difference 
in  annual  plant  yield  from  year  to  year  may  vary  by 
several  hundred  times.  This  is  due  not  only  to  different 
amounts  of  precipitation,  but  also  to  the  time  pattern  in 
which  it  occurs. 

Soil  Moisture  Accumulation  and  Depletion 

Because  in  cold  weather  evaporation  stress  is  low  and 
plants  are  not  transpiring,  winter  is  a  period  of  soil 
moisture  accumulation  and  storage.  It  lasts  from  4  to  7 
months,  so  a  good  likelihood  exists  that  during  such  a 
long  time  there  will  be  at  least  one  storm  with  sufficient 
precipitation  to  supply  effective  amounts  of  water. 
Depending  on  the  amount  actually  received  during 
winter,  the  depth  of  water  penetration  at  the  time  of 
early  spring  plant  growth  may  be  as  little  as  a  few  in- 
ches or  as  much  as  3  ft  (1  m)  or  more,  and  spring  plant 
growth  will  reflect  the  amount  of  accumulated  winter 
moisture.  Unless  more  rains  come  in  the  spring,  the  soil 
moisture  will  be  depleted  in  a  few  weeks  and  growth  will 
slow  and  ultimately  cease,  and  the  perennial  plants  will 
assume  their  various  forms  of  dormancy.  If  effective 
rains  come  later  in  the  warm  season,  some  of  the  species 
will  renew  their  growth  from  the  stage  at  which  it  had 
stopped.  Others,  having  died  back,  will  start  over  as  if 
emerging  from  winter  dormancy.  Some  cool  season 
plants  that  become  dormant  during  spring  drought 
before  reaching  their  reproductive  stage  fail  to  show 


that  stage  of  growth  when  summer  rains  do  occur.  Some 
grow  vegetatively  and  others  show  no  growth  at  all. 

Moisture  stored  in  the  upper  2  to  3  inches  (5  to  7  cm) 
of  the  soil  is  of  little  or  no  benefit  to  the  plants.  This 
layer,  nearest  to  the  drying  effect  of  winds,  rises  many 
degrees  higher  than  the  air  temperature  in  the  sunlight 
and  loses  its  moisture  in  2  or  3  days  during  the  warm 
season.  This  zone  is  essentially  devoid  of  feeder  roots 
(Holmgren  and  Brewster  1972).  For  a  warm-season 
(spring,  summer,  fall)  rain  to  be  useful  for  plant  growth, 
its  volume  must  be  sufficient  for  soaking  below  this 
layer.  For  most  dry  desert  soils,  the  minimum  amount 
of  rain  needed  for  penetration  of  moisture  to  effective 
depths  is  0.25  to  0.4  inch  (0.6  to  1  cm),  but  growth  is 
seldom  observed  after  precipitation  of  less  than  0.6 
inch  (1.5  cm).  Effective  amounts  in  summer  are  from 
thunderstorms  when  some  areas  may  receive  rain  a 
number  of  times  while  neighboring  areas  receive  little  or 
none.  These  storms  are  more  common  in  the  eastern  and 
southeastern  parts  of  the  salt-desert  shrub  region  than 
in  the  northwestern  parts  (Visher  1966).  The  warm- 
season  species  comprise  a  more  important  part  of  the 
vegetation  in  the  area  of  greater  summer  rain  expec- 
tancy than  elsewhere. 

If  plants  have  not  completely  depleted  the  moisture 
supply  by  the  time  of  soil  moisture  recharge— that  is,  if 
the  vegetation  has  not  become  summer-dormant  when 
the  rains  come— a  greater  proportion  of  the  moisture  is 
available  for  use  by  the  plants  because  its  use  is  im- 
mediate. If,  on  the  other  hand,  the  plants  are  mostly  dry 
or  with  few  remaining  green  leaves,  transpiration  will  at 
first  be  rather  slow,  and  a  greater  amount  of  the  total 
water  will  be  lost  to  the  atmosphere  by  evaporation. 
This  is  true  especially  of  moisture  in  the  top  6  inches  (15 
cm)  or  so  of  the  soil  profile. 

Probably  less  than  half  the  moisture  that  comes  in  the 
warm  half  of  the  year  is  effective  for  plant  growth. 
Almost  all  the  water  from  storms  of  less  than  0.2  inch 
(0.5  cm),  unless  they  follow  one  another  on  consecutive 
days,  is  reevaporated.  Some  storms  much  wetter  than 
that  are  less  effective  than  the  amount  of  rain  they 
bring  would  suggest.  These  are  the  very  high-intensity 
storms  with  rainfall  rates  in  excess  of  soil  infiltration 
rates  (fig.  42)  that  result  in  overland  runoff  and  flash 
flooding.  Water  loss  by  overland  flow  is  more  common 
on  slopes  than  on  flats,  but  storms  that  cause  flood- 
water  loss  are  still  effective  for  plant  growth  on  the  site 
of  the  storm  because  a  part  of  what  falls  goes  into  the 
ground. 

Weather  and  Animals 

Animals,  as  well  as  plants,  exhibit  wide  fluctuations  in 
productivity  from  year  to  year,  largely  as  a  result  of 
varying  weather  conditions.  For  instance,  obvious  annual 
differences  occur  in  the  presence  and  abundance  of 
several  common  insect  species.  Some  of  the  variation 
may  be  a  direct  effect  of  either  temperature  or  precipita- 
tion. Some  may  be  an  indirect  effect,  the  result  of  the 
weather's  effect  on  the  vegetation,  the  habitat,  and  food 
supply  of  the  insects. 

Insects  are  in  the  food  chain  of  lizards,  small  birds, 
and  some  small  mammals.  The  birds  and  most  mammals 


also  depend  greatly  upon  seeds;  and  seed  production,  as 
does  productivity  of  vegetation  in  general,  varies  with 
weather.  Because  a  number  of  species  do  not  produce 
any  seeds  in  dry  years,  wide  population  differences 
among  years  for  these  small  vertebrates  may  be  at- 
tributable, at  least  in  part,  to  effects  of  weather  on  the 
food  supply.  At  the  Desert  Experimental  Range,  Beale 
and  Holmgren  (1979)  found  much  higher  populations  of 
kangaroo  rats  in  the  wetter-than-average  year,  1978, 
than  in  the  dry  years  of  1976  and  1977.  The  population 
of  jackrabbits  also  rose  dramatically,  approximately 
fivefold,  in  that  year  of  good  plant  productivity. 

Spring  snowstorms,  rather  unusual  events  on  the 
desert,  are  known  to  have  adverse  effects  on  the  success 
of  ground-nesting  birds  and  larger  animals.  Several 
pronghorn  faWns  only  a  few  days  old  died  as  a  result  of 
the  storm  of  May  19-20,  1975  (Beale  and  Holmgren  1979) 

In  their  study  with  pronghorns  in  the  desert  of 
western  Utah,  Beale  and  Smith  (1970,  1973)  considered  a 
number  of  weather-related  aspects  of  herd  productivity. 
In  summers  when  the  succulence  of  the  forage  plants 
was  high  (over  75  percent  moisture)  because  of  summer 
precipitation,  the  animals  did  not  drink  much  water.  In 
dry  summers,  when  the  forage  moisture  content  was  low, 
the  pronghorns  drank  about  3.2  qt  (3  liters)  of  water  per 
day.  Beale  and  Holmgren  (1974)  reported  that  as  daily 
maximum  temperatures  became  higher,  in  the  range  of 
70°  to  100°  F  (21°  to  38°  C),  an  additional  liter  of  water 
was  consumed  for  each  increase  of  about  3°  C  (1  qt  for 
each  increase  of  6°  F),  whether  the  animals  were  on 
fresh  natural  feed  or  on  hay  with  a  grain  supplement. 

The  diet  of  the  pronghorns  varies  with  the  year  (Beale 
and  Smith  1970).  In  summers  of  above-average  rainfall, 
the  diet  is  more  than  90  percent  forbs.  In  dry  years, 
when  forb  production  is  low,  these  plants  contribute  less 
than  20  percent  of  the  diet;  browse  makes  up  the  re- 
mainder of  the  summer  diet.  Beale  and  Smith  (1970) 
reported  that  succulence  appeared  to  be  the  major 
characteristic  of  the  forage  sought  by  pronghorns. 

These  same  workers  (1973)  suggest  a  relation  between 
forage  conditions  (and  hence  animal  condition)  of  late 
summer  and  fall  and  the  size  of  fawn  crop  the  following 
spring,  with  a  significant  correlation  between  the  June- 
through-September  precipitation  of  1  year  and  the  ratio 
of  fawns  dropped  per  breeding  doe  the  next  spring.  They 
also  noted  that  when  scattered  summer  storms  resulted 
in  local  areas  of  abundant  green  growth,  animals 
selected  these  areas  for  feeding.  A  possible  indirect  rela- 
tion between  weather  conditions  and  loss  of  fawns  to 
predators  was  also  indicated:  During  dry  summers  with 
poor  forage  conditions,  pronghorns  tended  to  move  to 
the  higher  elevations  among  the  hills  where  the  terrain 
is  broken  and  fawns  are  more  vulnerable  to  predation 
(Beale  and  Smith  1970). 

Livestock  use  desert  ranges  mostly  in  winter,  and 
grazing  practices  must  be  compatible  with  weather  con- 
ditions. (The  wide  variation  in  forage  production  and  the 
attendant  problems  of  setting  stocking  rates  are  dis- 
cussed in  the  section  on  "Recommended  Grazing 
Management.")  Snow  in  small  or  moderate  amounts  is 
desirable  because  it  enables  the  animals  to  graze  areas 
that  would  be  unusable  otherwise.  Distribution  of  the 
animals  into  such  parts  of  the  range  lessens  the  grazing 


12 


pressure  on  areas  nearer  to  locations  where  water  can  be 
provided.  In  some  years  deep  snowfall  will  make  the 
forage  inaccessible,  necessitating  the  use  of  supplemental 
feed  to  save  the  animals  from  starvation. 

During  clear  weather,  especially  in  winter  and  par- 
ticularly in  the  Great  Basin,  when  a  high-pressure  at- 
mospheric condition  exists,  low-level  temperature  inver- 
sions develop.  This  makes  night  and  early  morning 
temperatures  of  the  lower  parts  of  valleys  as  much  as 
30°  F  (17°  C)  colder  than  those  of  the  slopes  at  higher 
elevations  (Houghton  and  others  1975).  When  there  is  a 
blanket  of  snow,  the  inversion  persists  throughout  the 
day.  Sometimes  during  such  low-level  inversions,  the  air 
of  the  valley  bottoms  may  be  foggy  as  well  as  cold.  In 
order  to  maintain  body  heat,  livestock  seek  the  more 
comfortable  areas  such  as  higher  slopes  during  inver- 
sions and  sheltered  coves  and  hillsides  during  windy 
periods. 

SOIL-VEGETATION  RELATIONS 

According  to  West  (1982a),  the  salt-desert  shrub 
ecosystem  occurs  mostly  in  two  kinds  of  situations  that 
promote  extreme  soil  salinity,  alkalinity,  or  both:  the 
bottom  of  drainages  in  enclosed  basins  or  where  marine 
shales  outcrop.  However,  Billings  (1945)  noted  that  salt- 
desert  shrub  vegetation  in  western  Nevada  occupies  not 
only  the  dry  lake-laid  sediments  with  mild  concentra- 
tions of  subsoil  salt,  but  also  the  dry  salt-free  residual 
and  fan  soils  of  the  foothills  and  lower  mountain  ranges 
where  precipitation  is  under  6  inches  (15  cm)  per  year.  In 
other  words,  salt-desert  shrub  vegetation  may  be  an  in- 
dication of  climatically  dry  as  well  as  physiologically  dry 
soils.  Naphan  (1966)  added  that  not  all  salt-desert  shrub 
soils  are  salty  and  that  their  hydrologic  characteristics 
may  often  be  responsible  for  associated  vegetation.  The 
capacity  of  soils  to  supply  moisture  to  plants,  then,  may 
be  strongly  influenced  by  an  excessive  quantity  of  sol- 
uble salts  throughout  or  in  some  part  of  the  soil  profile, 
by  critical  limitations  in  their  hydrologic  characteristics 
(infiltration,  permeability,  water-holding  capacity),  or 
simply  by  amount  of  precipitation. 

For  the  most  part,  salt-desert  shrub  soils  have  car- 
bonates accumulating  not  far  beneath  the  surface 
(Billings  1949).  In  many  cases  the  pan  layer  is  not 
strongly  cemented  and  does  not  seriously  impede  root 
development.  The  soils  are  usually  light  in  color,  ranging 
from  an  ash  gray  to  a  light  buff.  Apparently,  presence  of 
salts  in  the  subsoil  is  a  rather  common  characteristic, 
depending  upon  the  origin  of  parent  material  and 
weakness  of  leaching. 

Many  terms  have  been  used  to  describe  soil  conditions 
of  salt-desert  shrublands  locally  and  in  the  literature. 
According  to  Bower  and  Fireman  (1957)  and  the  USDA 
Soil  Survey  Staff  (1962),  saline  soils  contain  excessive 
amounts  of  soluble  salts  only,  whereas  alkali  soils  con- 
tain either  an  excessive  amount  of  adsorbed  sodium  or  a 
high  degree  of  alkalinity  (pH  of  8.5  or  higher).  Sodium 
adsorbed  by  soil  particles  is  also  referred  to  as  exchange- 
able sodium,  which  usually  amounts  to  15  percent  or 
more  in  alkali  soils.  Locally,  alkali  has  been  used  for  all 
of  these  conditions,  with  white  alkali  referring  speci- 
fically to  soils  now  defined  as  saline  and  black  alkali  as 


roughly  equivalent  to  alkali  soils.  Saline  soils  are  usually 
friable  with  a  structure  favorable  to  movement  of  water 
and  air,  and  may  have  salt  crusts  on  their  surface, 
whereas  alkali  soils  are  darker  in  color  and  have  a  tight 
structure  that  prevents  penetration  of  air  and  water. 

Although  many  kinds  of  soil  occur  in  the  salt-desert 
shrub  ecosystem,  the  most  important  can  be  included  in 
3  orders,  6  suborders,  and  12  great  groups  of  the  Na- 
tional System  of  Soil  Classification  (Naphan  1966).  These 
are  listed  in  table  1.  Aridisols  comprise  the  major  area 
of  salt-desert  shrublands.  They  have  been  subjected  to 
more  intensive  weathering  than  soils  of  the  other  two 
orders  and  have  lighter  colored  surfaces.  The  most  ex- 
tensive great  groups  of  this  order  are  Calciorthids  with  a 
calcic  or  gypsic  horizon  within  40  inches  (1  m)  of  the  sur- 
face, a  vescicular  crust,  and  gravel  pavement;  Cambor- 
thids  with  only  a  cambic  horizon,  favorable  infiltration 
and  water-holding  capacity;  Natrargids  with  a  natric 
horizon  ranging  from  clay  loam  to  clay,  slow  perme- 
ability, and  soluble  salts  increasing  with  depth;  and 
Haplargids  with  an  argillic  horizon  sometimes  underlain 
by  a  calcic  horizon  and  moderate  concentrations  of  sol- 
uble salts.  Young  soils  of  the  order  Entisols  occupy  a 
considerable  area  of  bottomland  flooding,  and  within  this 
order  Torrifluvents  are  the  most  common. 

Because  composition  and  productivity  of  vegetation  in 
the  salt-desert  shrub  ecosystem  are  obviously  related  to 
soil  characteristics,  these  associations  have  been  the  ob- 
ject of  considerable  study.  The  mosaic  of  plant  com- 
munities and  the  frequent  distinct  boundaries  between 
them  have  been  of  particular  interest  because  such 
vegetation  zonation  has  usually  been  attributed  to 
edaphic  factors.  Species  of  the  salt-desert  shrub  complex 
have  different  degrees  of  tolerance  to  salinity  and  arid- 
ity, and  they  tend  to  sort  themselves  out  along  a 
moisture/salinity  gradient  (West  1982a).  Branson  and 
others  (1967)  concluded  that  soil-moisture  relationships 
are  the  primary  cause  of  different  plant  communities. 
They  suggested  that  soil  salts  also  appear  to  be  impor- 
tant as  a  cause  of  community  differences.  However,  the 
major  effects  of  salts  is  not  osmotic  stress  directly,  but 
its  contribution  to  total  soil-moisture  stress. 

From  studies  in  western  Utah,  Gates  and  others  (1956) 
showed  some  significant  differences  between  soils  of 
plant  communities  dominated  by  big  sagebrush, 
shadscale,  Gardner  saltbush,  winterfat,  and  greasewood. 
However,  no  species  was  restricted  by  a  narrow 
tolerance  range  for  any  specific  soil  factor.  Overlap  of 
each  soil  factor  measured  was  found  under  all  species 
studied.  With  certain  ranges  for  each  edaphic  factor,  it 
would  be  logical,  therefore,  to  find  mixtures  of  the 
various  species,  but  this  was  not  so.  Apparently,  factors 
not  measured  must  have  limited  the  vegetation  to  single 
species. 

Of  the  species  studied,  big  sagebrush  was  found  on 
soils  with  the  lowest  amounts  of  soluble  salts  and  on  the 
finest  textured  soils— a  situation  somewhat  different 
from  that  of  earlier  investigators.  In  the  salt-desert 
shrub  area,  sagebrush  apparently  has  only  limited  value 
as  an  indicator  of  soil  conditions. 

Winterfat  occurred  on  soils  relatively  low  in  amounts 
of  salt  and  sodium.  These  soils  were  coarser  in  texture 
with  lower  field  moisture  capacity.  However,  the  species 


Table  1.— Classification  of  the  major  soils  of  the  salt-desert  shrub  area  in  orders,  suborders,  and  great 
groups  of  the  National  Soil  Classification  System  (from  Naphan  1966)1 


Order* 


Suborder3 


Great  Group4 


Subgroup5 


Family6 


Series7 


Entisols 


Psamments 

Fluvents 

Orthents 


Torripsamments 

Torrifluvents 

Torriorthents 


Inceptisols 


Aridisols 


Aquepts 


Orthids 


Argids 


Halaquepts 

Calciorthids 
Camborthids 
Durorthids 
Salorthids 

Nadurargids 
Durargids 
Natrargids 
Haplargids 


1Names  of  suborders  and  great  groups  are  tentative  and  subject  to  revision. 

2Groupings  made  primarily  on  generalization  of  common  properties. 

differentiated  on:  (1)  chemical  and  physical  properties  that  reflect  either  water-logging  or  genetic  differences  due  to 
climate  and  vegetation,  or  (2)  chemical  or  mineralogical  properties  that  include  extremesof  textures  and  presence  of  large 
amounts  of  amorphous  clays  or  free  sesquioxides  in  the  clay  fraction. 

"•Subdivisions  of  suborders  based  largely  on  the  presence  or  absence  of  diagnostic  horizons  (argillic,  calcic, and  so  forth) 
and  the  arrangement  of  these  horizons. 

Subdivisions  of  the  great  group  including  a  central  concept  of  the  great  group  and  fringe  subgroups  where  properties  of 
one  great  group  tend  to  merge  with  others. 

Subdivisions  of  subgroups  that  are  differentiated  primarily  on  the  basis  of  properties  important  to  the  growth  of 
plants— texture,  mineralogy,  water  holding  capacity,  soil  temperature,  reaction,  and  so  forth. 

7  A  collection  of  soil  individuals  essentially  uniform  in  differentiating  characteristics  and  arrangement  of  horizons. 


was  not  restricted  to  such  soils  but  grew  under  widely 
variable  conditions.  Apparently,  winterfat  is  a  poor  indi- 
cator of  soil  characteristics.  Presumably,  both  winterfat 
and  sagebrush  are  restricted  by  high  amounts  of  total 
salts  and  sodium. 

Shadscale  occupied  soils  of  intermediate  salt  and 
sodium  content.  These  soils  were  nonsaline  at  the  sur- 
face, but  saline-alkali  at  greater  depths.  They  also  were 
low  in  water-holding  capacity,  suggesting  adaptation  of 
shadscale  to  coarse-textured  soils.  However,  the  great 
variations  in  shadscale  soils  severely  limit  the  use  of  this 
plant  as  an  indicator  of  soil  characteristics. 

Fine-textured  soils  associated  with  Gardner  saltbush 
were  saline  in  the  surface  6  inches  (15  cm)  and  saline- 
alkali  to  depths  of  5  ft  (1.5  m).  However,  tolerance  of 
this  species  to  a  wide  range  of  soil  conditions  makes  it  a 
poor  indicator. 

Soils  of  greasewood  communities  were  of  relatively 
fine  texture,  saline  throughout  the  profile  and  saline- 
alkali  below  the  surface  6  inches  (15  cm).  Because 
greasewood  occupies  soils  with  wide  and  varied  amounts 
of  salinity  and  alkali,  it  is  not  an  infallible  indicator  of 
salt  or  other  soil  conditions.  From  the  results  of  this 
research,  Gates  and  others  (1956)  concluded  that  vegeta- 
tion of  Utah  salt-desert  is  not  an  adequate  index  for 
identifying  soil  characteristics  or  for  predicting  potential 
capabilities  of  the  land. 

To  supplement  previous  studies  of  salt-desert  shrub 
vegetation  in  relation  to  moisture  and  chemical  proper- 
ties of  the  soil,  Mitchell  and  others  (1966)  analyzed 
physical  properties  of  soil  associated  with  shadscale  and 
winterfat  communities  in  northwestern  Utah.  They  were 
unable  to  find  a  close  relation  between  the  vegetation 


mosaics  and  soil  properties.  They  concluded  that  the  soil 
had  no  obvious  influences  on  vegetation  of  these  two 
communities,  and  that  the  vegetation  had  not  induced 
soil  changes  during  the  involved  period  of  soil 
development. 

Several  explanations  are  possible  for  the  lack  of 
precise  correlations  between  vegetation  and  soil.  The 
vegetation  mosaic  may  be  a  result  of  past  rather  than 
present  environmental  factors.  Because  sorting  of 
species  may  follow  different  sequences  in  different  loca- 
tions, some  of  the  lack  of  predictability  may  be  due  to 
ecotypic  variation  (West  1982a).  Successional  status  of 
salt-desert  shrub  communities  is  not  well  known  for 
most  areas.  Consequently,  a  particular  community  may 
be  merely  expressing  a  deteriorated  condition  of  another. 
This  makes  classification  by  habitat  types  or  range  sites 
extremely  difficult.  Apparently,  one  environmental  factor 
can  compensate  for  another,  and  vegetation  is  an  indi- 
cator of  the  whole  environment  and  not  just  of  climate 
or  parent  material  or  soil  or  any  other  single  factor 
(Billings  1952). 

Reasonably  close  correlations  of  landscape  and  soils 
with  salt-desert  shrub  vegetation  in  southeastern  Utah 
were  found  by  West  and  Ibrahim  (1968),  who  identified 
and  described  four  distinctive  units  as  habitat  types 
(h.t.).  The  Atriplex  confertifolialHilaria  jamesii  h.t.  oc- 
curs on  level  pediment  remnants  where  coarse-textured 
and  well-developed  soil  profiles  were  derived  from  sand- 
stone gravel.  Soils  of  this  community  are  nonalkali 
throughout  the  profile,  and  nonsaline  in  the  surface  2.5 
ft  (75  cm)  but  saline  at  greater  depths.  A  distinct  lime 
zone  about  1  ft  (30  cm)  thick  occurs  from  15  to  30  inches 
(37  to  75  cm)  below  the  soil  surfaces.  The  Atriplex 
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nuttallii  var.  nuttallii  (now  A.  tridentata)  IHilaria  jamesii 
h.t.  occurs  on  eroded  pediment  slopes  where  a  shallow 
vesicular  horizon  overlies  a  massive  gypsiferous  horizon 
and  altered  bedrock  of  Mancos  shale.  The  profiles  are 
loamy  and  nonalkali  throughout,  nonsaline  in  the  surface 
15  inches  (37  cm),  but  saline  at  greater  depths.  The 
Atriplex  nuttallii  var.  gardneri  (now  A.  gardneri)  /Aster 
xylorhiza  h.t.  occurs  on  lower  Mancos  shale  badlands. 
Soil  profiles  are  typically  fine  textured  and  nonalkali 
throughout,  nonsaline  in  the  surface  1  ft  (30  cm),  but 
saline  at  greater  depths.  The  Atriplex  corrugata  h.t.  is 
found  on  areas  of  alluvium  where  material  from  the 
other  three  habitat  types  have  been  deposited  over 
Mancos  shale.  Soils  are  fine  textured  and  saline-alkali 
throughout  the  profile. 

In  an  unpublished  study  of  soil-vegetation  relations  at 
the  DER,  V.  K.  Hugie  (personal  communications  1982) 
and  K.  W.  Flach  observed  the  range  of  soil  characteristics 
associated  with  plant  communities  dominated  by  winter- 
fat.  Areas  sampled  ranged  from  upland  alluvial  fans  to 
valley  bottoms,  and  included  gravelly  loams,  gravelly 
sandy  loams,  gravelly  fine  sandy  loams,  sandy  loams, 
very  fine  sandy  loams,  and  silt  loams  belonging  to  the 
Camborthid,  Paleorthid,  Calciorthid,  and  Torrifluvent 
great  groups.  All  are  friable  and  moderately  alkaline  (pH 
between  8.0  and  8.6).  Carbonate  accumulation  of  the 
Camborthids  is  not  sufficient  to  produce  a  calcic  horizon, 
which  is  well  developed  in  both  the  Paleorthids  and 
Calciorthids.  Similar  winterfat  communities  occur  across 
these  variations  in  texture,  great  groups,  pH,  and  car- 
bonate accumulation  (fig.  43). 

Because  black  sagebrush  and  winterfat  often  grow  in 
alternes,  V.  K.  Hugie  and  K.  W.  Flach  (unpublished 
data)  compared  soils  of  winterfat  communities  and  those 
of  adjacent  sagebrush.  Although  the  soils  are  similar  in 
many  respects,  two  major  differences  were  observed: 
Depth  to  the  calcic  horizon  was  much  shallower  under 
black  sagebrush  (about  2  ft  or  60  cm),  and  calcic 
horizons  under  black  sagebrush  were  weakly  cemented 
whereas  those  under  winterfat  were  compact  and  in- 
durated (fig.  44). 

Although  salt-desert  shrub  vegetation  and  soils  are  ob- 
viously related,  precise  correlations  are  often  lacking. 
Different  species  and  communities  may  occupy  the  same 
soils,  or  the  same  species  and  communities  may  occupy 
different  soils.  In  other  words,  various  plants  can 
tolerate  a  wide  range  of  soil  conditions  but  do  not 
necessarily  require  them.  Species  and  communities  are 
apparently  sorted  out  along  physical,  chemical,  moisture, 
and  topographic  gradients  through  complex  relations 
that  are  not  understood  and  are  in  need  of  further  study. 

RANGE  CONDITION  AND  TREND 

Range  condition  or  health  is  the  status  of  vegetal 
cover  and  soil  in  relation  to  a  standard  or  ideal  for  a  par- 
ticular habitat  type,  site,  or  plant  community.  Trend  is 
change  in  condition.  Condition  and  trend  are  recogniz- 
able by  certain  indicators  that  can  be  seen  in  soil  and 
vegetation.  These  indicators  help  to  interpret  past 
changes  in  the  ecosystem,  and  often  suggest  what  may 
be  expected  in  the  future  (Ellison  and  others  1951). 


Reliable  judgment  of  condition  and  trend  is  essential 
to  effective  evaluation  of  range  management  practices. 
Consequently,  range  managers  should  be  able  to  identify 
the  plants  of  their  desert  communities  and  know  the 
relative  values  as  forage  species,  to  recognize  differences 
among  habitat  types  or  sites,  to  understand  ecological 
principles  including  patterns  of  and  reasons  for  change, 
and  to  properly  interpret  change  as  a  basis  for  permis- 
sible or  necessary  adjustment  in  management 
prescriptions. 

Soil  stability  is  an  essential  requirement  of  satisfac- 
tory condition.  In  nondesert  ranges,  plant  cover  and  lit- 
ter give  protection  from  wind  and  water  erosion.  But 
here,  where  vegetal  cover  is  normally  less  than  10  per- 
cent, stability  of  soil  in  the  intervening  space  is  provided 
by  a  surface  pavement  of  loose  gravels  over  skeletal 
soils,  or  by  an  almost  invisible  mat  of  algae  in  the  sur- 
face millimeter  where  there  are  no  gravel  particles 
(Anderson  and  others  1982a,  Anderson  and  others 
1982b).  Both  of  these  protective  features  can  be 
damaged  by  animal  hooves,  and  damage  is  indicated  by 
evidence  of  active  movement  of  soil  by  wind  or  water 
where  trailing  and  trampling  by  livestock  have  been 
excessive. 

Judgement  of  condition  of  most  ranges  is  usally  made 
in  relation  to  natural  or  pristine,  the  best  approximation 
of  the  natural  state  being  a  relic  area  never  grazed  by 
livestock  or  otherwise  disturbed.  However,  on  the  desert 
such  examples  are  virtually  nonexistent.  The  next-best 
areas  upon  which  to  base  judgement  are  those  that  have 
been  ungrazed  for  many  years,  having  had  some  time  to 
revert  toward  pristine-like  conditions.  In  some  areas  old 
exclosures  serve  this  purpose.  Along  major  highways, 
with  broad  fenced  rights-of-way,  numerous  areas  are  im- 
proving in  condition  and  becoming  increasingly  valuable 
as  sites  for  comparison.  With  these  one  must  be  careful 
to  discern  absence  of  highway  influence,  either  in  the 
construction  phase  or  as  a  continuing  effect,  such  as 
altered  drainage  or  snowpack  configuration.  Also,  some 
desert  areas  far  from  surface  waters  have  had  only  inter- 
mittent use,  mostly  in  the  cold  season  when  snow  for 
livestock  water  was  available. 

The  pristine  community  or  its  near  approximation  is 
not  necessarily  the  management  objective,  but  serves 
only  as  a  guide  to  indicate  what  quality  and  quantity  of 
vegetation  the  area  is  capable  of  supporting,  character  of 
the  litter  cover,  and  normal  appearance  of  the  surface 
soil.  Comparisons  can  be  made  only  between  ranges  of 
similar  potential.  Therefore,  judgment  of  condition 
should  be  preceded  by  classification  of  range  ecosystems 
into  habitat  types  or  range  sites.  Such  classification  is 
far  from  being  accomplished  for  this  desert,  so  in  the 
meantime  range  managers  must  rely  on  their  own  judge- 
ment of  similarity  to  the  best  condition  or  least  altered 
range  available  for  comparison. 

Fluctuations  in  weather  are  normal  events  whose  ef- 
fects must  be  considered  when  judging  range  condition. 
Variations  in  amount  of  precipitation  and  patterns  of 
distribution  greatly  affect  plant  development  and  yield 
(Blaisdell  1958),  but  their  influence  on  soil  stability  and 
perennial  species  composition  is  usually  minor. 
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Trend  may  involve  some  degree  of  change  in  any  com- 
ponent of  the  ecosystem.  For  practical  purposes, 
however,  only  soil  and  vegetation  need  be  considered  in 
assessment  of  trend.  One  must  distinguish  between 
those  cumulative  changes  that  produce  a  real  difference 
in  condition  and  those  that  are  mere  fluctuations.  For 
example,  a  large  crop  of  seedlings  of  desirable  perennial 
species  may  reflect  only  a  temporarily  favorable  com- 
bination of  circumstances.  Mortality  of  perennials  is 
high  in  their  seedling  year  (West  1979;  West  and  others 
1979).  Thus,  a  surer  indication  of  upward  trend  would  be 
plants  of  successively  older  age  classes  in  addition  to  the 
seedlings  (Ellison  and  others  1951). 

Ellison  and  others  (1951)  have  made  a  comprehensive 
evaluation  of  21  important  indicators  of  range  condition 
and  trend  including  cover,  bare  soil  surface,  observed 
movement  of  soil,  trampling  displacement,  soil  remnants, 
erosion  pavement,  lichen  lines,  active  gullies,  wind- 
scoured  depressions,  aeolian  deposits,  alluvial  deposits, 
vegetal  composition,  age  classes,  annual  weeds,  invasion 
of  bared  surfaces,  vegetation  in  gullies,  rill-channel 
ridges,  accessibility  of  palatable  species,  relics,  hedged 
shrubs,  and  current  use.  These  indicators  provide  clues 
to  events  that  have  happened,  are  happening,  or  will 
happen  on  the  range-watershed.  Although  they  have  par- 
ticular application  to  the  Subalpine  Zone,  most  are  wor- 
thy of  serious  consideration  as  indicators  of  condition 
and  trend  on  any  rangeland  being  grazed  by  livestock. 

Information  on  condition  and  trend  of  salt-desert 
shrub  ranges  is  limited  largely  to  results  of  studies  at 
the  Desert  Experimental  Range  in  southwestern  Utah, 
where  guides  were  developed  by  Hutchings  (1954). 
However,  these  can  be  broadly  used  by  a  manager  to 
make  responsible  judgments  for  a  variety  of  plant  com- 
munities or  situations. 

Forage  production  and  grazing  capacity  are  influenced 
by  range  condition.  Therefore,  evaluation  of  condition  is 
an  important  prerequisite  to  good  management.  The 
criteria  or  standards  used  to  judge  range  condition  are 
amount  of  ground  covered  by  vegetation,  presence  and 
relative  abundance  of  undesirable  and  desirable  forage 
species,  vigor  of  desirable  forage  species,  and  extent  of 
soil  erosion. 

Range  condition  is  usually  classified  in  the  general 
terms:  good,  fair,  poor,  and  very  poor.  The  following 
descriptions  of  these  classes  are  given  as  general  guides 
to  appraise  condition  of  salt-desert  shrub  ranges: 

1.   Ranges  in  good  condition.  Such  ranges  produce 
nearly  the  maximum  forage  possible  under  the  climatic 
conditions.  Vegetation  consists  chiefly  of  a  good  stand 
of  desirable  forage  species  such  as  winterfat,  black 
sagebrush,  budsage,  galleta,  Indian  ricegrass,  squirrel- 
tail,  hopsage,  globemallow,  and  most  saltbushes  other 
than  shadscale  (fig.  45).  These  species  are  thrifty  and 
vigorous  and  make  up  a  major  part  of  the  vegetation. 
However,  in  plant  communities  normally  dominated  by 
such  species  as  low  rabbitbrush,  shadscale,  or 
greasewood,  lower  amounts  of  the  desirable  species  are 
acceptable  as  good  condition  (fig.  46).  Young  plants  of 
desirable  species  are  abundant  enough  to  maintain  these 
species  in  the  community.  Swales  are  vegetated,  plants 
are  not  pedestaled.  Annuals  are  rare,  in  most  years  vir- 


tually absent.  There  is  little  or  no  evidence  of  accel- 
erated wind  or  water  erosion  on  ranges  in  good  condi- 
tion. Soil  is  loose  and  friable  and  able  to  absorb  the 
maximum  amount  of  moisture. 

2.  Ranges  in  fair  condition.  The  vegetation  is  being 
thinned  of  the  most  desirable  plants,  which  are  being 
partially  replaced  by  such  inferior  species  as  shadscale, 
low  rabbitbrush,  and  annuals  (fig.  47).  Too  heavy  grazing 
use  of  palatable  plants  is  apparent.  Stubs  or  dead  woody 
roots  of  desirable  shrubs  such  as  winterfat,  black 
sagebrush,  or  budsage  are  scattered  throughout  the 
vegetation.  Undesirable  perennials  such  as  low  rabbit- 
brush and  shadscale  are  becoming  more  important  in  the 
cover,  as  evidenced  by  presence  of  individuals  of 
younger  age  classes.  Annual  weeds  are  common  and  pro- 
duce a  small  proportion  of  the  yield  in  years  favorable 
for  their  growth.  Soils  show  some  signs  of  recent  ero- 
sion, especially  where  animals  have  trailed  regularly  in 
seeking  forage  or  in  areas  where  they  tend  to  congregate 
naturally. 

3.  Ranges  in  poor  condition.  The  desirable  vegetation 
is  sparse.  The  few  individuals  to  be  found  are  severely 
hedged  and  low  in  vigor.  The  major  part  of  the  cover  is 
comprised  of  unpalatable  perennials  or  of  annuals, 
especially  introduced  species  (fig.  48).  Almost  all  young 
perennial  plants  are  of  low-quality  species.  Soil  erosion  is 
active,  especially  in  years  of  unfavorable  weather  condi- 
tions for  growth  of  annuals.  Many  of  the  plants  are 
pedestaled.  Much  of  the  vegetation  in  the  smaller 
drainages  has  been  killed  and  the  drainage  channels  are 
actively  eroding. 

4.  Ranges  in  very  poor  condition.  The  desirable  forage 
species  have  virtually  disappeared.  Dead  crowns  of 
grasses  and  stubs  of  desirable  species  are  no  longer  pres- 
ent. The  vegetation  is  dominated  by  undesirable  peren- 
nials, with  abundant  annuals  in  the  years  when  annuals 
grow.  Soil  erosion  is  severe,  especially  where  adapted  un- 
palatable shrubs  did  not  replace  the  native  perennials  as 
they  were  destroyed  (see  discussion  and  figure  57  in 
section  on  "Recommended  Grazing  Management.")  The 
soil  is  carried  away  by  wind  or  water,  leaving  the  plants 
pedestaled.  The  heavier  particles  of  sand  and  silt  are 
deposited  in  miniature  dunes  to  the  leeward  of  the 
vegetation.  The  finer  particles  of  clay  are  carried  great 
distances  by  the  winds  that  sweep  the  valleys.  When  the 
vegetation  is  destroyed  on  the  valley  slopes  and  foot- 
hills, erosion  along  the  drainage  channels  is  increased. 
Such  soil  erosion  is  a  two-way  loss.  The  fine  particles, 
which  are  richest  in  plant  nutrients,  are  carried  away; 
hence,  the  production  of  the  range  is  reduced.  Where  the 
silt  and  sand  are  deposited,  other  vegetation  is  covered 
and  destroyed.  The  raw  disturbed  areas  are  invaded  by 
annuals  or  other  undesirable  forage  species  such  as 
halogeton  and  Russian  thistle.  However,  the  cover  they 
provide  greatly  retards  soil  loss. 

By  careful  examination  of  the  range,  a  manager  can 
determine  (1)  areas  in  good  condition,  (2)  areas  in  fair 
and  poor  conditions  that  can  be  improved  through 
management,  (3)  areas  in  very  poor  condition  where 
revegetation  may  be  needed,  and  (4)  areas  where 
poisonous  halogeton  or  other  undesirable  species  are 
present. 
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On  salt-desert  shrub  range,  where  the  potential  of  sites 
and  the  successional  stages  of  communities  are  so  little 
understood,  it  is  probably  easier  to  judge  trend  in  range 
condition  than  it  is  to  recognize  condition  itself.  In- 
dicators of  trend  are  the  same  and  are  recognizable 
across  numerous  sites  or  habitats.  Expressing  the  direc- 
tion and  possibly  the  rate  of  ongoing  change,  trend  in- 
dicates the  effect— positive  or  negative— of  the  current 
livestock  grazing  practice  and  suggests  permissible  or 
necessary  management  actions  to  be  taken  for 
maintenance  or  improvement  of  range  condition, 
whatever  the  status.  If  change  is  in  progress,  it  is 
discernible  by  indicators. 

Downward  trend  is  indicated  by  a  vigor  of  good  forage 
plants  that  is  visibly  lower  than  that  of  unpalatable  or 
less  palatable  associates.  Palatable  species  show 
evidence  of  heavy  or  severe  grazing  use.  Some  plants 
have  died  in  recent  years  and  standing  dead  plants  or 
their  root  stubs  can  be  found.  Younger  plants  of  the 
desirable  species  are  few  as  compared  to  the  number  of 
younger  increaser  or  invader  perennials.  There  is  an  ob- 
vious replacement  of  species  in  the  direction  of 
deteriorating  forage  quality. 

Any  signs  of  soil  movement  indicate  downward  trend. 
No  matter  how  poor  the  condition,  unstable  soil  signifies 
that  it  is  becoming  worse.  Recent  rilling  on  the  gently 
sloping  uplands  between  swales  or  depressions  of  natural 
drainage  shows  the  soil  surface  to  have  lost  its  ability  to 
transmit  sheet  flow  from  high-intensity  rain  showers. 
The  natural  gravel  pavement  or  the  algal  mat  has  been 
trampled  and  broken  to  a  degree  of  weakness  that  per- 
mits surface  soil  to  be  moved.  Of  equal  or  greater  con- 
cern is  evidence  of  wind  erosion,  scouring,  and  the  for- 
mation of  small  dunes  in  the  lee  of  plants. 

Unlike  signs  of  downward  trend,  indicators  of  upward 
trend  are  less  frequently  seen  and  less  readily  iden- 
tifiable, so  careful  observation  is  necessary.  For  vegeta- 
tion to  change  toward  improvement  of  forage  quality 
and  quantity,  there  must  be  a  weakening  of  established, 
long-lived  undesirable  plants  so  that  new  plants  of 
desirable  native  species  can  return.  Because  there  is  no 
steady  agent  for  improvement,  succession  toward  a 
previous  or  more  valuable  community  is  often  a  slow 
and  inconspicuous  process.  Occasionally  some  short- 
term,  more  or  less  catastrophic  event  such  as  severe 
drought  or  insect  outbreak  may  drastically  reduce 
undesirable  perennials  and  open  the  community  to 
establishment  of  seedlings.  Replacement  of  individuals 
following  such  infrequent  events  results  in  many  new 
plants  of  similar  age.  If  there  is  still  a  seed  source  of  the 
useful  forage  species,  at  least  a  part  of  the  newer  genera- 
tion will  be  of  those  species,  and  the  composition  can 
ultimately  improve.  Some  of  the  seedlings  will  be  of  the 
less  valuable  species,  and  it  may  take  a  number  of  selec- 
tive reductions  to  allow  substantial  changes.  Upward 
trend,  then,  is  improvement  in  quantity  and  quality  of 
vegetation  provided  that  the  soil  is  stable. 


VEGETATION  CHANGES  AND 
EFFECTS  OF  LIVESTOCK  GRAZING 

Desert  communities  of  perennial  plants  are  not  static. 
Their  floristic  composition  may  change  dramatically  over 
time.  Such  changes  in  relative  amounts  of  the  species 
components  may  be  both  cyclic  (fluctuating)  and 
unidirectional  (trend).  Superimposed  on  the  composi- 
tional change  is  great  variation  from  year  to  year  in 
growth  of  all  the  vegetation— the  sum  of  varying  growth 
responses  of  individual  species  to  specific  conditions  of 
different  years. 

The  changes  are  attributable  mainly  to  (1)  climate, 
both  short-term  or  seasonal  weather  conditions  and 
cycles  of  several  years,  and  (2)  the  selective  removal  of 
parts  of  some  plants  by  animals,  including  insects.  Occa- 
sionally some  plants  are  destroyed  by  diseases.  Different 
plants  have  inherent  attributes  that  determine  their 
reaction  to  the  external  factors,  such  as  their  innate 
longevity,  palatability,  resistance  to  defoliation,  seeding 
habits,  and  adaptability  to  specific  sites.  With  so  many 
causes  of  vegetation  change,  range  managers  may  find  it 
difficult  to  judge  what  part  of  any  change  is  due  to  their 
actions  or  is  under  their  control. 

Cyclic  changes  due  to  climate  are  primarily  changes  in 
relative  productivity  of  the  component  species  reflecting 
the  pattern  of  precipitation  in  different  years.  Such 
change  is  short  term.  Another  year  may  have  different 
relative  amounts  of  the  same  species.  Occasionally, 
severe  drought  may  materially  reduce  or  eliminate  a 
species  from  an  area.  This  is  change  of  a  more  perma- 
nent character,  and  it  may  or  may  not  be  reversible. 
Selective  removal  of  species  by  drought  has  been  ob- 
served a  number  of  times  at  the  Desert  Experimental 
Range  (DER).  Hutchings  (1954)  cites  severe  reductions 
of  shadscale  in  the  droughts  of  1933  to  1934  and  1942  to 
1943.  Similar  reductions  were  again  observed  during  the 
droughts  of  1971  to  1972  and  1976  to  1977.  Little 
rabbitbrush  was  apparently  reduced  by  drought  in  the 
early  1950's  (Ellison  1959).  Both  of  these  are  increasers, 
considerably  less  valuable  as  forage  plants  and 
presumably  less  adapted  to  sites  where  they  grew  than 
are  associated  species,  and  both  were  on  areas  having  a 
long  history  of  abusive  grazing.  Neither  shadscale  nor 
rabbitbrush  should  have  been  abundant  except  for  the 
grazing  history,  and  as  Ellison  (1959)  suggests  for 
rabbitbrush,  the  increaser  is  less  efficient  than  the 
desirable  species  component  in  occupying  that  site. 

Perennial  plants  of  some  species  are  comparatively 
long  lived.  In  the  Great  Basin,  for  example,  individuals 
of  winterfat,  black  sagebrush,  and  sand  dropseed,  once 
they  are  established,  may  persist  for  several  decades. 
Other  perennials  have  considerably  shorter  normal  life 
spans:  globemallow  only  a  few  years,  Indian  ricegrass 
about  a  decade  or  two  at  most,  shadscale  somewhat 
longer.  Budsage  and  little  rabbitbrush  are  moderately 
long  lived.  Mortality,  whenever  it  occurs,  is  more  likely 
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due  to  a  combination  of  factors  or  conditions  than  to  a 
single  cause.  But  some  loss  of  individual  plants,  such  as 
that  from  undermining  and  severing  of  roots  by  pocket 
gophers,  is  direct  and  readily  understood.  The  drought- 
related  losses  of  shadscale  mentioned  above  may  have 
resulted  simply  from  insufficient  moisture  or,  perhaps 
more  likely,  the  extreme  dryness  operating  together  with 
insects.  Severe  reductions  of  shadscale  populations  have 
been  described  as  caused  by  a  snout  moth  (Hutchings 
1952)  and  a  scale  insect  (Sharp  and  Sanders  1978),  both 
in  southern  Idaho.  However,  insect  status  was  not 
observed  during  the  four  2-year  drought  periods  when 
shadscale  losses  were  heavy.  Indian  ricegrass  in  1972, 
the  second  year  of  a  drought  at  the  DER,  was  totally 
eliminated  from  large  areas  by  a  combined  effect  of  the 
drought  and  insect  larvae  inhabiting  the  basal  thatch  of 
the  bunchgrass  (Guerra  1973).  Very  few  innovations 
(tillers)  sprouted  in  the  early  spring  from  the  bunches, 
and  the  insect  numbers  were  sufficient  to  destroy  all  of 
them  before  they  emerged  above  ground. 

Diseases  of  unknown  cause  occasionally  reduce  the 
densities  of  some  species.  This  is  a  rather  common  occur- 
rence in  budsage,  where  certain  size  or  age  classes  ap- 
pear to  be  more  susceptible  to  attack  than  others. 

As  has  been  described,  mortality  of  individuals  or 
reduction  in  their  productivity  can  be  abrupt  and  severe 
or  more  gradual.  In  either  case,  reduction  of  certain 
species  in  the  community  is  but  one  side  of  the  process 
of  compositional  change.  The  aspect  of  new  plant 
establishment  is  another.  West  and  others  (1979)  con- 
cluded that  new  plant  establishment  in  the  perennial 
cover  of  the  desert  largely  depends  on  the  opportunity  of 
space  made  available  by  the  death  of  other  plants.  This 
appears  to  be  true  if  those  perennial  plants  already  there 
are  vigorous  individuals  of  species  well  adapted  to  the 
site  rather  than  opportunistic  invaders  or  increasers 
(Ellison  1959). 

Removal  of  shoot  material  of  living  plants  by  grazing 
or  clipping  weakens  them  to  some  degree,  depending 
upon  severity  of  pruning  and  stage  of  growth  when  it 
occurs.  Some  photosynthetic  material  and  stored  carbo- 
hydrate reserves  needed  for  growth,  reproduction,  and 
maintenance  of  vigor  are  lost.  Cook  and  his  coworkers 
(Cook  1971;  Cook  and  Child  1971)  found  the  effects  of 
top  removal  at  certain  seasons  and  intensities  persisted 
for  7  years  after  the  treatment  ceased  on  desert  shrubs 
and  grasses.  Generally,  only  the  plants  clipped  at  the 
lightest  rates  or  during  dormant  seasons  showed  full 
recovery  during  that  time.  A  number  of  plants  subjected 
to  the  most  severe  treatments  died. 

Sheep  grazing  studies  at  the  DER  since  1935  have 
produced  a  wealth  of  information  on  effects  of  grazing 
on  salt-desert  shrub  vegetation  (Hutchings  and  Stewart 
1953).  Large  range  pastures  were  grazed  at  one  of  three 
intensities  (light,  moderate,  or  heavy)  and  one  of  three 
winter  seasons  (early,  middle,  or  late).  Because  the  last 
season  did  not  end  until  early  April,  it  could  properly  be 
described  as  early  spring.  Records  were  maintained  of 
precipitation,  herbage  production,  and  forage  use.  Her- 
bage production  was  closely  correlated  with  annual 
precipitation  (r=0.944). 
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Figure  3.—Atriplex  canescens  (fourwing 
saltbush). 


Figure  4.—Atriplex  confertifolia  (shadscale) 
on  the  playa  at  the  Desert  Experimental 
Range  (DER)  in  southwestern  Utah. 


Figure  6.—Atriplex  gardneri  (Gardner 
saltbush)  growing  in  the  Red  Desert, 
Wyoming.  Notice  the  budsage  in  the  lower 
left  portion  of  the  clump. 


Figure  l.—Atriplex  tridentata  (saltsage) 
showing  the  root-sprouting  character. 


Figure  b.—Atriplex  corrugata  (mat  saltbush) 
(left)  and  Atriplex  cuneata  (Castle  Valley  clover) 
(right)  near  Fremont  Junction  in  central  Utah. 


Figure  S.—Ceratoides  lanata  (winterfat). 
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Figure  9.— Grayia  spinosa  (spiny  hopsage). 


Figure  10.— Kochia  americana  ssp.  vestita 
(gray  molly). 


Figure  '\'\.—Sarcobatus  vermiculatus  (black 
greasewood). 


Figure  12.— Artemisia  spinescens  (budsage) 
growing  near  Sevier  Lake  in  western  Utah. 


Figure  13.—  Artemisia  nova  (black 
sagebrush). 


Figure  14.— Artemisia  tridentata  ssp.  tri- 
dentata  (basin  big  sagebrush)  at  Gordon 
Creek  near  Helper,  Utah. 
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Figure  ^b.—Chrysothamnus  viscidiflorus  ssp. 
axillaris  (low  rabbitbrush)  in  Antelope  Valley- 
near  the  Desert  Experimental  Range. 
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Figure  M.—Sporobolus  cryptandrus 
(sand  dropseed). 


Figure  16.— /-///ar/'a  jamesii  (galleta). 


Figure  ~\&.—Sporobolus  airoides  (alkali 
sacaton)  in  Snake  Valley,  Millard  County, 
Utah. 
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Figure  19.— Bouteloua  gracilis  (blue  grama) 
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riQurs  ^u.  —  Dfyzopsis  nyffl&noiu&s 
(Indian  ricegrass)  in  Snake  Valley, 
Millard  County,  Utah. 


Figure  2'\.—Sitanion  hystrix  (bottle- 
brush  squirreltail)  growing  on  a 
productive  site. 


■ 


M 


Mk.  ; 


Figure  22. — Sphaeralcea  grossulariaefolia 
(gooseberryleaf  globemallow)  in  the 
Ferguson  Desert  north  of  the  Desert 
Experimental  Range. 
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Figure  23.— Bromus  tectorum  (cheatgrass). 


Figure  24.— Salsola  iberica  (Russian  thistle) 
(right)  and  Halogeton  glomeratus  (halogeton) 
(left)  growing  near  Malta,  Idaho. 
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Figure  25.  — Four  salt-desert  shrub  habitat  types  near  Cisco,  Grand  County, 
Utah,  described  by  West  and  Ibrahim  (1968). 

A.  Atriplex  confertifolia—Hilaria  jamesii  h.t. 

B.  Atriplex  tridentata—Hilaria  jamesii  h.t. 

C.  Atriplex  gardneri— Aster  xylorhiza  h.t. 

D.  Atriplex  corrugata  h.t. 
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Figure  26.— A  shadscale  community  in  Pine 
Valley,  southwestern  Utah. 
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Figure  27.— A  shadscale-winterfat-galleta- 
Indian  ricegrass  community  on  the  Desert 
Experimental  Range. 


Figure  29.— Winterfat  community  in  the 
research  natural  area  at  the  Desert 
Experimental  Range. 


Figure  30.— A  winterfat-low  rabbitbrush- 
Indian  ricegrass  community  in  Mason  Valley, 
Lyon  County,  Nev. 


Figure  28.— A  shadscale-sand  dropseed 
community  in  Pine  Valley,  Utah. 


24 


h— <*-—-■■ 


Figure  31.  — Budsage  growing  in  mixtures  with  (A)  winterfat  and  ricegrass  in 
Pine  Valley,  Utah,  (B)  spiny  hopsage  near  Rome,  Oreg.,  and  (C)  shadscale  in 
Humboldt  County,  Nev. 


Figure  32.— A  greasewood-Great  Basin 
wildrye  (Elymus  cinereus)  community  in  Elko 
County,  Nev. 


Figure  33.— A  greasewood-shadscale 
community  south  of  Delta,  Utah. 
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Figure  34.— Gray  molly  community  in 
Ferguson  Desert  north  of  Desert  Experi- 
mental Range. 


Figure  37.  — Black  sagebrush-shadscale-grass 
northwest  of  Cedar  City,  Utah. 


Figure  35.— Gray  molly-shadscale-budsage- 
winterfat  community  in  the  Ferguson  Desert. 


Figure  38.— A  low  rabbitbrush  community  in 
southwestern  Utah. 


Figure  36.— A  black  sagebrush  community. 


Figure  39.  —  Low  rabbitbrush-winterfat-grass 
community  in  Delamar  Valley,  Nev. 
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Figure  40.— A  spiny  hopsage-galleta 
community  in  Pine  Valley,  Utah. 


Figure  41.— A  fourwing  saltbush-lndian 
ricegrass  community. 


Figure  42.— Surface  water  accumula- 
tion at  the  Desert  Experimental  Range 
as  a  result  of  a  storm  that  deposited 
0.4  inch  (1  cm)  during  14  minutes  on 
July  23,  1969. 
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Figure  43.— Similar  stands  of  winterfat  supported  by  three  different  soils. 

A.  Silt  loam  (Torrifluvent) 

B.  Sandy  loam  (Calciorthid) 

C.  Gravelly  sandy  loam  (Camborthid) 

Compare  with  fig.  44B,  gravelly  sandy  loam  (Paleorthid). 
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Figure  44.— A.  Black  sagebrush  sommunity  and  corresponding  soil  profile  in 
gravelly  sandy  loam  of  the  Calciorthid  great  group.  B.  Adjacent  winterfat  com- 
munity and  soil  profile  in  gravelly  sandy  loam  of  the  Paleorthid  great  group. 
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Figure  45.— Good  condition  salt-desert  shrub  ranges  dominated  by  desirable 
species.    A.  Winterfat  community  on  Desert  Experimental  Range. 

B.  Winterfat-budsage  community  in  Antelope  Valley,  Utah. 

C.  Black  sagebrush-winterfat  community  in  eastern  Nevada. 


Figure  46.— Good  condition  salt-desert  shrub  ranges  dominated  by  less 
desirable  species. 

A.  Low  rabbitbrush-black  sagebrush,  winterfat-grass  community  in  Antelope 
Valley,  Utah.    B.  Shadscale-squirreltail-ricegrass  community  south  of  Delta,  Utah. 
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Figure  47.  — Fair  condition  salt-desert  shrub  ranges  in  southwestern  Utah. 

A.  Low  rabbitbrush-winterfat-lndian  ricegrass  community  in  Wah  Wah  Valley. 

B.  Winterfat-shadscale-ricegrass  community  on  the  Desert  Experimental 
Range.     C.  Galleta-shadscale  community  in  Wah  Wah  Valley. 
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Figure  48 
A.  Indian 
winterfat 
grasses. 
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Poor  condition  salt-desert  shrub  ranges, 
ricegrass-sand  dropseed,  with  a  scattering  of  shadscale  and 
on  the  Desert  Experimental  Range.  Note  good  production  of  forage 
B.  Sparse  stand  of  winterfat-budsage-annuals  in  the  Ferguson  Desert. 
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Figure  51.  — Black  sagebrush,  has  increased 
greatly,  while  low  rabbitbrush  has  largely 
disappeared  as  a  result  of  a  change  from 
heavy  to  moderate  grazing. 


Figure  53.  — Black  sagebrush,  a  minor  com- 
ponent of  the  vegetation  when  the  exclosure 
was  fenced  in  1937,  has  been  unable  to 
make  a  comeback  under  moderate  year-after- 
year  grazing  by  sheep  in  midwinter  or  late 
winter.  Note  the  good  stand  of  black 
sagebrush  in  the  ungrazed  exclosure. 


Figure  52.— Area  on  the  right  side  of  the 
fence  has  been  grazed  at  a  moderate  rate 
and  is  now  dominated  by  black  sagebrush. 
Grazing  on  the  left  has  been  continued  at  a 
heavy  rate  and  low  rabbitbrush  still 
dominates  the  site. 
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Figure  57.  — Photos  of  the  same  area  in  Wah  Wah  Valley,  1935  and  1982.  Since 
lowering  the  stocking  rate  and  removal  of  livestock  during  the  summer,  this 
area  of  incipient  dunes  has  stabilized.  It  is  still  in  very  poor  condition,  lacking 
in  high-quality  forage  species,  with  the  soil  largely  held  in  place  by  annuals. 
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Figure  60.— Typical  "guzzler"  for  wildlife  with 
collecting  apron,  storage  tank,  drinking  foun- 
tain, and  float  valve. 





Intensity  of  Grazing 

In  studies  at  the  DER,  the  desired  intensity  of  grazing 
in  each  pasture  was  obtained  by  varying  the  number  of 
sheep.  Stocking  rates  were  adjusted  each  year  on  the 
basis  of  herbage  yields  measured  in  October.  This  was 
done  so  that  forage  use  from  year  to  year  would  be  fair- 
ly uniform.  Average  stocking  rates  were  10,  14,  and  17 
sheep  days  per  acre  (25,  35,  and  43  sheep  days/ha)  for 
light,  moderate,  and  heavy  grazing,  respectively. 

Under  heavy  grazing,  the  desirable  forage  species  were 
closely  used  and  often  seriously  injured  or  killed.  For  ex- 
ample, winterfat,  an  abundant  and  palatable  species,  was 
reduced  to  less  than  half  its  original  yield  during  28 
years  of  heavy  grazing  in  late  winter  (Holmgren  and 
Hutchings  1972).  In  other  studies,  when  trends  were  ad- 
justed for  differences  in  precipitation,  winterfat  produc- 
tion under  light  and  moderate  grazing  during  a  13-year 
study  was  more  than  doubled.  Under  heavy  grazing,  its 
production  did  not  improve  (fig.  49). 


300 

- 

^•a*^ 

200 

100 

LIGHT    GRAZING 

" 

0 

I          I          I          I          I           I          I          I          I 

I 

o 

- 

# 

200 

i-« 

o 
_! 
111 

> 

100 
0 

-.     J 

' 

MODERATE    GRAZING 

III           I          I          I          I 

I 

100 


17    ahaap-daya    par    acra 

J 1 I I I I I I 


1935'36'37'38'39'40'4r42'43'44'45'46'47 

YEAR 

Figure  49.— Trends  in  production  of  winterfat 
under  heavy,  moderate,  and  light  grazing  by 
sheep  in  winter  at  the  Desert  Experimental 
Range  (from  Hutchings  1966a) 

In  another  area  on  the  DER,  moderate  grazing  at  15 
sheep  days  per  acre  (38  sheep  days/ha)  allowed  substan- 
tial increases  in  such  desirable  species  as  black 
sagebrush  and  winterfat  accompanied  by  a  decrease  in 
such  undesirables  as  low  rabbitbrush.  Conversely,  heavy 
grazing  at  more  than  25  sheep  days  per  acre  (62  sheep 
days/ha)  caused  a  decrease  in  the  desirable  species  and 
an  increase  in  the  undesirables  (fig.  50). 

In  addition  to  rate  of  stocking,  Hutchings  and  Stewart 
(1953)  found  that  actual  degree  of  grazing  use  for  a  par- 
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Figure  50.  — Effects  of  moderate  and  heavy 
grazing  on  relative  amounts  of  desirable  and 
undesirable  species  (after  Hutchings  1966a). 

ticular  forage  species  was  related  to  other  factors,  in- 
cluding level  of  palatability  and  abundance.  Use  of  a 
palatable  species  was  very  heavy  if  it  constituted  less 
than  10  percent  of  the  total  yield  of  the  vegetation  even 
in  pastures  stocked  at  the  moderate  rate  with  sheep.  The 
animals  seek  out  the  palatable  species  first,  going  to  the 
less  palatable  later.  When  a  desirable  species  is  in  short 
supply,  it  is  sure  to  be  severely  used,  even  under  a  light 
stocking  rate  on  an  area  basis.  Less  palatable  species  are 
also  taken  to  a  greater  degree  where  they  make  up  a 
small  proportion  of  the  total  vegetation  than  where  they 
are  abundant.  In  such  situations,  sheep  days  per  acre  is 
not  a  satisfactory  measure  of  grazing  intensity.  Actual 
degree  of  use  for  particular  species  should  be  observed. 

On  deteriorated  ranges  where  desirable  species  are 
poorly  represented,  their  recovery  is  especially  difficult. 
This  is  illustrated  by  response  of  black  sagebrush  in  the 
large  allotments  on  the  DER,  where  it  was  only  a  minor 
element  in  the  plant  cover  in  all  but  2  of  the  12  sheep 
allotments.  In  these  two,  it  increased  severalfold  on  the 
sites  where  it  originally  occurred  as  a  result  of  reduced 
grazing  pressure  during  the  beginning  years  of  the  study 
(fig.  51).  These  allotments  now  provide  more  sheep  days 
of  use  than  they  did  40  years  age,  and  black  sagebrush 
continues  to  increase  at  the  expense  of  low  rabbitbrush 
(fig.  52).  In  eight  of  the  other  allotments  where  black 
sagebrush  was  much  less  abundant,  it  has  not  recovered 
to  its  potential  (fig.  53).  These  areas  are  moderately 
grazed  every  year,  two  in  the  cold  part  of  winter,  two  in 
the  late  winter,  and  four  alternately  used  in  winter  and 
late  winter. 

Season  of  Grazing 

The  effect  of  season  of  grazing  did  not  become  ap- 
parent at  DER  during  the  first  dozen  years,  and  so  was 
not  reported  by  Hutchings  and  Stewart  (1953).  After 
more  than  30  years  of  treatment,  however,  the  most 
striking  differences  in  vegetation  resulted  from  season  of 
use.  For  example,  Holmgren  and  Hutchings  (1972) 
reported  that  under  heavy  grazing  in  early  winter  the 
desirable  winterfat  and  budsage,  the  moderately 
desirable  grasses,  and  the  undesirable  shadscale  all 
increased.  At  the  same  intensity  of  use  in  late  winter, 
winterfat  and  budsage  suffered  substantial  losses,  grass 
remained  about  constant,  and  shadscale  increased 
markedly  (fig.  54). 
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Figure  54.  — Plant  cover  trends  for  species 
grazed  by  sheep  at  a  heavy  stocking  rate  in 
early  winter  (left)  and  late  winter  (right)  at  the 
Desert  Experimental  Range  (after  Holmgren 
and  Hutchings  1972). 

Plant  response  to  season  of  grazing  is  related  to  stage 
of  development.  Two  of  three  seasons,  early  winter  and 
midwinter  (late  November  to  late  February),  are  periods 
of  plant  dormancy,  when  the  previous  year's  growth  of 
grass  is  dead  and  shrub  twigs  are  physiologically  inac- 
tive. The  third  season,  late  winter  (March  into  early 
April),  is  the  time  when  growth  of  cool-season  plants 
begins.  Winterfat  and  especially  budsage  are  vulnerable 
to  grazing  during  that  period.  Budsage  increased  in 
cover  in  all  nine  areas  grazed  in  early  or  midwinter,  but 
decreased  on  areas  grazed  in  late  winter  despite  grazing 
intensity  (fig.  55).  Response  of  budsage  is  also  related  to 
palatability.  It  is  grazed  in  midwinter  is  less  than  half 
the  years.  However,  it  is  highly  palatable  to  sheep  every 
year  in  late  winter,  and  it  virtually  disappeared  in  all 
pastures  grazed  during  that  season. 

Clearly  desirable  species  are  damaged  by  late  winter 
grazing,  heavy  use,  or  a  combination  of  the  two,  as 
shown  in  the  case  of  winterfat  (fig.  56).  However,  such 
practices  as  periodic  rest,  rotation  of  use,  or  adjustments 
in  rate  of  stocking  have  allowed  range  improvement.  For 
example,  one  heavily  stocked  allotment  was  grazed  only 
every  other  year.  Black  sagebrush  was  restricted  to 
numerous  small  areas  covering  about  5  percent  of  the 
total.  When  the  alternate-year  grazing  system  was 
started,  low  rabbitbrush  was  the  dominant  species.  Now 
black  sagebrush  has  almost  completely  replaced  rabbit- 
brush  to  form  nearly  pure  stands.  In  this  same  allot- 
ment, the  major  plant  community  is  winterfat-budsage. 
At  the  beginning  of  the  study  in  1933,  it  was  composed 
almost  entirely  of  winterfat  and  annual  weeds. 
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Figure  55.  — Budsage  on  nine  areas  grazed  in 
the  cold  part  of  the  winter  (top)  maintained 
its  original  cover  or  increased,  whereas  it 
disappeared  on  nine  areas  grazed  in  late 
winter  (bottom). 
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Figure  56.  — Effect  on  yield  of  winterfat  of 
season  and  intensity  of  grazing  by  sheep  on 
the  Desert  Experimental  Range. 


36 


In  1963,  the  percent  composition  of  vegetation  of  this 
allotment  was  markedly  different  from  an  adjacent  area 
grazed  in  winter  or  early  spring  every  year: 

Rested  every  Grazed 

Species  second  year  every  year 

Percent  Percent 
Desirable 

Winterfat  47  64 

Budsage  15  1 

Black  sagebrush  10  1 

Indian  ricegrass  10  8 

Undesirable 

Low  rabbitbrush  14  19 

Others  4  7 

Largely  as  a  result  of  phenological  differences,  one 
palatable  species  may  be  more  vulnerable  than  another 
during  a  particular  season  of  use.  A  rather  common  ex- 
ample on  ranges  used  only  in  the  cold  part  of  winter  is 
the  survival  of  forage  grasses,  while  valuable  shrubs  are 
lost.  At  that  time  the  aboveground  parts  of  the  grasses 
are  dead,  and  harvesting  takes  away  no  food  reserves 
needed  for  subsequent  growth.  With  most  forage  shrubs, 
however,  winter  browsing  removes  living,  although  dor- 
mant, tissue.  A  number  of  shrub-grass  ranges,  whether 
used  by  cattle  or  sheep,  have  lost  the  valuable  shrub 
component.  Unless  some  other  shrub  of  less  value 
replaces  the  desirable  shrubs,  the  aspect  of  such  ranges 
becomes  more  grassy.  This  occurs  more  often  on  sheep 
range  than  on  cattle  range  because  fewer  of  the  shrub 
species  are  used  by  cattle.  However,  if  the  dominant 
shrubs  are  winterfat  or  fourwing  saltbush,  this  sort  of 
change  is  the  same  under  use  by  either  kind  of  animal. 

Hutchings  (1966a)  pointed  out  that  studies  at  the 
DER  clearly  demonstrate  two  features  of  vegetation 
change: 

1,  Irrespective  of  grazing,  herbage  yields  fluctuate 
widely  from  year  to  year,  varying  with  amount  of 
precipitation. 

2.  Irrespective  of  precipitation,  the  influence  of  graz- 
ing on  vegetation  is  selective.  Under  poor  management, 
desirable  forage  species  are  injured  or  destroyed  and  are 
replaced  by  undesirables.  Good  management  usually 
reverses  this  process. 

RECOMMENDED  GRAZING 
MANAGEMENT 

For  about  a  century  the  salt-desert  shrub  lands  have 
been  used  primarily  as  livestock  range.  Because  of 
natural  aridity  and  lack  of  water  for  irrigation,  they 
were  unsuited  for  homesteading,  so  remained  largely  in 
public  ownership.  Until  they  were  placed  under  the 
stewardship  of  public  land  management  agencies,  most 
parts  of  the  desert  had  been  misused  for  about  a  half 
century  by  livestock  grazing.  Stocking  rates  were  too 
heavy,  or  the  season  of  use,  year  after  year,  occurred 
during  periods  when  the  desirable  forage  species  were 
most  easily  damaged. 

Livestock  use  today  is  no  longer  unrestricted,  and 
stocking  is  considerably  lighter  than  it  was  before  the 
establishment  in  1934  of  the  Grazing  Service  (Bureau  of 
Land  Management  since  1947).  Herds  now  use  assigned 


allotments  at  designated  seasons.  Traditionally,  the  use 
has  been  during  winter  and  well  into  the  spring,  and  for 
most  areas  that  is  still  the  case.  On  many  ranges  the 
spring  season  has  been  shortened  by  removing  the 
animals  at  an  earlier  date  than  formerly,  a  practice  that 
should  benefit  the  forage  species.  On  the  other  hand,  as 
watering  places  for  livestock  have  been  developed,  some 
desert  ranges  have  been  made  usable  for  warm  season 
grazing  by  cattle,  the  season  when  top  removal  is  most 
damaging  to  plants  (Cook  1971). 

In  the  early  decades  of  this  century  there  were  many 
more  sheep  than  cattle  on  the  desert,  but  since  about 
1930  sheep  numbers  have  declined  about  80  percent. 
Cattle  have  taken  their  place  on  many  allotments.  Most 
studies  of  grazing  response  of  plants  and  animals  have 
been  concerned  with  sheep  use  (Hutchings  and  Stewart 
1953;  Cook  and  others  1953;  Fisser  1966),  and  observa- 
tions were  made  on  a  number  of  different  plant  com- 
munities. Regardless  of  what  species  were  present,  the 
palatable  plants  were  damaged  most  by  grazing, 
especially  during  the  season  of  early  and  rapid  growth. 
Response  to  cattle  grazing  was  similar  except  that  dif- 
ferent species  were  impacted  as  a  result  of  different 
dietary  preferences. 

The  early  devastation  of  much  of  the  salt-desert  as 
described  by  Wooton  (1932),  McArdle  and  others  (1936), 
and  Stewart  and  others  (1940)  appears  now  to  have  been 
checked;  some  areas  have  an  obvious  upward  trend.  True 
desertification  was  once  described  for  areas  that  are  now 
stable  (fig.  57).  The  most  severely  depleted  ranges  are 
still  in  very  poor  condition,  but  others  are  grazed  with 
fewer  animals  at  seasons  more  compatible  with  plant 
survival,  and  range  condition  has  improved. 

Although  vegetation  may  be  only  sparse  stands  of  the 
least  desirable  perennial  species  or  annuals,  soil  move- 
ment today  is  not  as  severe  as  40  to  50  years  ago.  Most 
of  the  salt-desert  shrub  range  has  perennial  cover,  but 
much  of  it  remains  in  poor  condition  because  of  the  low 
percentage  of  desirable  species. 

Under  good  grazing  management,  it  is  possible  for 
recovery  to  occur.  Several  examples  of  improved  vegetal 
composition  at  and  near  the  Desert  Experimental  Range 
have  been  described  by  Hutchings  and  Stewart  (1953), 
Hutchings  (1966b),  and  Holmgren  and  Hutchings  (1972). 
Recovery  has  been  most  notable  where  depletion  had 
been  the  least.  The  poorer  the  condition,  the  slower  the 
recovery.  As  stated  earlier,  desirable  plants  are 
reestablished  as  the  cover  is  opened  by  loss  of  the 
undesirable  perennials. 

Good  range  management  in  the  salt-desert  shrubland 
is  optimum  harvest  of  the  forage  resource  by  livestock. 
Good  management  strives  for  improvement  in  range  con- 
dition, which  includes  a  best  combination  of  species  for 
animal  nutrition  and  stability  of  the  site  for  continued 
production.  It  recognizes  other  values  and  uses  of  the 
land  such  as  its  potential  as  wildlife  habitat  or  for 
recreational  activities.  Good  management  also  brings 
greater  returns  to  the  livestock  operator  (Hutchings 
1954)  as  range  condition  and  productivity  ultimately  im- 
prove. Although  recommended  management  is  iargely 
based  on  experience  at  the  DER,  the  authors  believe 
that  the  general  principles  developed  there  can  be  suc- 
cessfully extrapolated  to  other  salt-desert  shrub  ranges. 
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Because  these  ranges  ordinarily  receive  only  light 
snowfall,  produce  unusually  high  quality  winter  forage, 
and  are  geographically  close  to  the  other  ranges  that  can 
not  be  used  in  winter,  their  most  valuable  use  is  as 
winter  range  for  livestock.  Other  reasons  exist  for  recom- 
mending that  the  salt-desert  be  used  only  as  winter  or 
winter-early  spring  range.  As  has  been  noted,  the  grow- 
ing season  is  the  critical  grazing  period,  perhaps  more  so 
in  this  arid  ecosystem  than  elsewhere,  because  of  the 
undependability  of  sufficient  moisture  for  plant  regrowth 
and  recovery  after  grazing.  Using  the  rate  of  runoff  and 
sediment  loss  as  indicators  of  soil  stability,  Lusby  (1978 
as  cited  by  Bentley  and  others  1980)  concluded  that 
winter  grazing  is  not  detrimental,  but  grazing  into  the 
spring  definitely  is.  Cook  and  Stoddart  (1963)  concluded 
that  "desert  ranges  are  best  adapted  to  winter  grazing 
and  if  used  during  this  period  would  have  about  twice 
the  grazing  capacity  as  when  grazed  in  the  (late) 
spring." 

Additonally,  an  algal  crust  protects  the  soil  from  blow- 
ing or  washing  away  and  covers  the  soil  surface  in  the 
wide  interspaces  between  the  low  plants.  The  crust 
seems  better  able  to  recover  in  the  cool  weather  of  early 
spring  than  later,  after  having  been  chopped  and  broken 
by  hooves  of  grazing  animals  (Anderson  and  others 
1982a;  Anderson  and  others  1982b). 

System 

After  20  years  of  study,  Hutchings  (1954)  recom- 
mended that  winter-spring  allotments  be  divided  into 
smaller  units,  each  to  be  grazed  in  succession,  with  an 
alternation  or  rotation  of  their  period  of  use  from  year  to 
year.  Thus,  the  detrimental  effects  of  late  winter  or  early 
spring  grazing  would  be  lessened.  He  described  the  usual 
practice  of  allotments  being  grazed  by  sheep  as  one 
single  large  unit,  saying  that  by  such  method  "the  entire 
range  is  'topped'  as  soon  as  the  sheep  reach  the  winter 
range  and  then  grazed  repeatedly  throughout  the  winter. 
By  March  the  allotment  has  usually  been  grazed  over 
several  times  and  the  sheep  are  dependent  on  short, 
poor-quality  forage  for  the  remaining  part  of  the 
winter."  Cook  and  Harris  (1950)  sampled  a  sheep  allot- 
ment seemingly  grazed  in  this  manner  for  nutritive  value 
of  the  forage  as  the  winter  progressed  and  found  that 
quality  did  indeed  become  poorer. 

Sheep  that  graze  by  the  unit  system  appear  to  obtain 
adequate  forage  and  graze  contentedly,  using  all  parts  of 
the  range  uniformly.  Hutchings  (1954)  reported  that 
"they  were  not  dependent  on  early  spring  growth  during 
the  late  winter  period  or  on  short,  poor-quality  forage  on 
previously  grazed  range."  This  is  because  they  were 
moved  regularly  during  the  winter  to  fresh  forage  and 
held  on  a  unit  that  provided  an  adequate  diet.  This 
method  provided  lower  quality  forage  throughout  the 
winter  than  what  the  animals  would  have  had  in  the 
first  time  or  two  over  the  allotment  by  the  usual  prac- 
tice, but  better  than  what  would  have  been  available  for 
late  winter  on  ranges  that  were  already  topped  and 
retopped. 

The  unit  system  should  be  followed  for  both  cattle  and 
sheep.  Hutchings  (1954)  recommended  three  or  four 
units.  It  seems  desirable  that  there  be  more  than  that  on 
an  allotment  that  is  to  be  grazed  for  as  long  as  5 


months.  Certainly  this  would  be  easy  to  accomplish  with 
sheep.  For  cattle,  a  cost  factor  for  fences  must  be  con- 
sidered. With  more  and  smaller  units  and  hence  a 
shorter  stay  on  each  one,  it  is  easier  to  estimate  how 
much  of  the  area  can  be  used  each  day.  If  the  estimate 
is  too  low,  the  animals  will  spend  only  a  few  days  on 
range  already  grazed  before  going  onto  the  fresh  forage 
of  the  next  unit.  On  larger  (and  fewer)  units  such  times 
of  low-quality  forage  are  likely  to  be  several  days  or 
weeks. 

To  benefit  the  palatable  shrubs,  frequent  periods  of 
rest  should  be  part  of  the  program,  providing  some 
years  with  no  grazing  at  all  for  about  a  third  of  the  total 
allotment  area.  Grasses  are  little  affected  by  use  in  the 
dormant  period  (Hutchings  and  Stewart  1953;  Cook 
1971)  because  at  this  time  their  tops  are  cured  and  not 
important  locations  for  stored  food  reserves.  However, 
twigs  of  shrubs,  and  leaves  of  those  that  are  evergreen, 
are  living  tissue.  Shrubs  are  less  damaged  by  grazing 
during  the  cold  weather  period  of  dormancy  than  during 
spring  growth,  but  they  are  at  a  disadvantage  compared 
to  grasses.  Additionally,  the  shrub  habit  of  growth  is 
one  of  gaining  annual  increments  of  stature— each  plant 
becomes  larger  year  by  year  and  thereby  individually 
more  productive.  With  a  year  of  no  grazing,  there  will  be 
2  years  of  plant  growth  when  the  animals  return  the 
following  winter.  And  after  they  have  been  harvested, 
the  plants  will  be  larger  than  they  would  without  rest. 
Vigor  and  seed  production  will  be  greater.  At  the  DER, 
one  rather  heavily  stocked  area  used  only  in  alternate 
years  contains  two  desirable  shrubs  (budsage  and  black 
sagebrush)  that  were  not  thought  important  because 
they  were  so  rare.  Now,  however,  they  are  abundant 
components  of  a  useful  mixture  of  forage  species.  On 
other  areas  where  there  was  no  rest,  the  palatable 
shrubs  present  in  minor  amounts  have  not  been  able  to 
make  such  dramatic  gains,  and  in  many  places  have  ac- 
tually declined  further. 

Various  grazing  regimens  under  the  unit  system  have 
not  been  adequately  compared,  but  several  combinations 
of  rotation,  deferment,  and  rest  all  seem  to  be  beneficial, 
provided  they  allow  periodic  protection  from  grazing 
during  critical  period  of  spring  plant  growth. 

The  unit  system  benefits  wildlife  as  well  as  vegetation 
and  livestock.  Clary  and  Holmgren  (1981)  reported  that 
pronghorn  tended  to  occupy  range  areas  not  grazed  by 
sheep.  The  pronghorn  diet,  primarily  browse  in  winter 
(Beale  and  Smith  1970;  Smith  and  Beale  1980),  consists 
of  fewer  species  than  taken  by  sheep  and  is  comprised  of 
those  most  highly  preferred  by  the  sheep.  On  much  of 
the  desert,  these  are  often  the  species  of  least  abun- 
dance, and  the  ones  most  heavily  grazed. 

When  the  whole  allotment  is  grazed  over  by  sheep 
early  in  the  winter,  the  pronghorn  forage  is  essentially 
gone.  Replenishment  by  new  growth  is  still  months 
away.  Under  the  unit  system,  some  areas  remain  un- 
grazed  by  sheep  until  spring  plant  growth.  Pronghorn 
use  these  areas,  returning  in  late  winter  or  early  spring 
to  units  that  were  grazed  by  sheep  when  the  plants  were 
dormant.  The  delay  or  deferment  of  entry  of  sheep  into 
some  of  the  units  makes  the  mutual  use  of  the  winter 
allotment  by  these  two  animals  more  compatible,  allow- 
ing for  higher  productivity  of  the  wildlife. 
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Stocking  Rate 

Amount  of  herbage  that  can  be  removed  without  serious 
damage  varies  with  species  and  with  season  of  use. 
Because  palatability,  and  hence  degree  of  use  of  a  par- 
ticular species,  is  related  to  inherent  characteristics, 
abundance,  site,  and  season,  it  is  readily  apparent  that 
estimation  of  range  grazing  capacity  can  be  extremely 
difficult.  Likewise,  the  "key  species"  concept  is  difficult 
to  apply  where  composition  of  the  vegetation  has  been 
so  thoroughly  changed  by  decades  of  unmanaged 
livestock  use  that  some  of  the  most  desirable  forage 
species  have  been  lost.  However,  as  noted  earlier,  with 
proper  management  minor  species  can  regain  their 
former  position  and  ultimately  improve  the  variety  and 
quality  of  winter  forage. 

Stocking,  therefore,  must  be  based  on  the  present 
species  and  their  allowable  use.  Hutchings  (1954)  recom- 
mended 40  to  80  percent  use  of  the  annual  growth  for 
the  most  desirable  (good)  species,  20  to  40  percent  for 
the  moderately  desirable  (fair)  species,  and  less  than  20 
percent  for  the  least  desirable  (poor)  species  (table  2).  He 
further  stated  that  "periodic  checks  on  the  utilization  of 
forage  plants  are  essential  in  determining  whether  the 
range  is  properly  grazed.  Average  utilization  ratings, 
such  as  shown  in  table  2,  established  on  properly  grazed 
ranges  and  often  referred  to  as  proper  use  factors,  serve 
as  guides  for  proper  grazing.  These  recommended 
ratings  represent  the  average  maximum  allowable  use  of 
the  desirable  species  and  the  use  that  less  desirable 
species  ordinarily  receive  when  the  desirable  species  are 
properly  grazed."  However,  the  clipping  studies  of  Cook 
and  his  associates  (Cook  1971;  Cook  and  Stoddart  1963; 
Cook  and  Child  1971)  suggest  that  the  intensity  of  use 
recommended  by  Hutchings  for  some  of  the  shrubs  may 
be  too  high. 

Hutchings  (1954)  covered  several  considerations  in 
determining  stocking  rates.  With  minor  modifications, 
his  material  is  directly  quoted  to  the  end  of  this  section: 

Determine  proper  number  of  animals  to  be  grazed. — 
The  proper  number  of  animals  to  be  grazed  on  a  range 
during  the  winter  grazing  period  (grazing  capacity)  is 
determined  primarily  by  the  kind  and  amount  of  herbage 
produced  and  range  condition.  The  range  should  be 
stocked  according  to  the  best  estimates  of  grazing 
capacity  that  can  be  obtained.  These  should  be  modified 
or  adjusted  later  by  careful  and  frequent  checks  on 
forage  utilization  and  trend  in  range  condition. 
Preliminary  estimates  of  grazing  capacity  can  be  made 
by  several  methods. 

Stocking  rates  based  on  past  records  of  use  can  serve 
as  an  index  to  grazing  capacity.  If  the  range  has  shown 
no  improvement  or  if  the  desirable  forage  species  are 
being  injured  or  destroyed,  fewer  animals  should  be 
grazed  or  the  grazing  season  shortened.  If  the  range  is 
in  good  condition  and  more  herbage  is  left  ungrazed 
than  is  needed  to  keep  the  desirable  forage  species 
thrifty  and  productive,  more  livestock  can  be  grazed. 

Stocking  rates  on  similar  nearby  ranges  that  are  prop- 
erly grazed  can  also  be  used  to  make  preliminary 
estimates  of  grazing  capacity.  In  applying  this  informa- 
tion, it  is  necessary  to  allow  for  differences  in  herbage 
production  and  condition  of  the  two  areas. 


Table  2.— Recommended  winter  use  of  desert  range  forage 
species  (adapted  from  Hutchings  1954) 


Recommended 

use  of  annual 

Forage  species 

growth  (percent) 

GOOD 

Shrubs: 

Spiny  hopsage 

80 

Black  sagebrush 

70 

Winterfat 

60 

Budsage 

50 

Fourwing  saltbush 

50 

Gardner  saltbush 

40 

Grasses: 

Indian  ricegrass 

75 

Alkali  sacaton 

75 

Squirreltail 

75 

Needle-and-thread 

50 

Galleta 

45 

Forbs: 

Globemallow 

80 

FAIR 

Shrubs: 

Fringed  sagebrush 

(Artemisia  frigida) 

40 

Gray  molly 

35 

Shadscale 

25 

Big  sagebrush 

20 

Grasses: 

Sand  dropseed 

25 

Saltgrass 

25 

Blue  grama 

20 

POOR 

Shrubs: 

Snakeweed  (Gutierrezia  sarothrae) 

15 

Low  rabbitbrush 

10 

Rubber  rabbitbrush 

(Chrysothamnus 

nauseosus) 

10 

Black  greasewood 

5 

Grasses: 

Cheatgrass  brome 

10 

Forbs: 

Russian  thistle 

10 

Halogeton 

0 

Allow  for  range  condition. — Ranges  in  good  condition 
have  considerably  greater  grazing  capacity  than  those  in 
poor  condition  because  they  produce  more  total  herbage 
and  a  greater  proportion  of  desirable  forage  species. 

To  encourage  rehabilitation  of  ranges  in  poor  condi- 
tion, the  better  forage  plants  should  be  grazed  less  than 
is  recommended  for  ranges  in  good  condition.  The 
desirable  plants  in  weakened  condition  require  greater 
protection  and  food  reserves  to  restore  them  to  thrifty, 
vigorous  production,  so  they  can  compete  successfully 
with  the  less  desirable  plants. 

Allow  for  variation  in  forage  yield. — Forage  yields  on 
winter  ranges  vary  widely  from  year  to  year.  For  exam- 
ple, at  the  Desert  Experimental  Range,  forage  produc- 


tion  (during  18  years  from  1935  to  1974)  on  shadscale- 
winterfat  range  in  fair  to  good  condition  varied  from  a 
minimum  of  30  lb  per  acre  (34  kg/ha)  in  1943  to  a  max- 
imum of  169  lb  per  acre  (190  kg/ha)  in  1947.  The  average 
was  81  lb  per  acre  (91  kg/ha)  (fig.  58). 


Figure  58.— Forage  production  on  moderately 
grazed  range  areas  at  the  Desert  Experi- 
mental Range,  1935  to  1974.  Recommended 
stocking  is  based  on  75  percent  of  average 
forage  production,  which  provides  adequate 
forage  except  in  years  when  production  is 
extremely  low  (adapted  from  Hutchings 
1954). 

Because  of  the  normal  inability  to  adjust  animal 
numbers  to  the  wide  variations  in  forage  yield,  basic 
stocking  is  recommended  at  75  percent  of  average  forage 
production.  On  this  basis  enough  forage  was  available  in 
the  years  shown  and  no  adjustments  in  stocking  would 
have  been  necessary  except  in  the  drought  years  of 
1940,  1942,  1943,  and  1974.  Judging  from  available 
records,  supplemental  feed  or  some  adjustments  in 
stocking  on  winter  ranges  will  be  required  in  2  or  3 
years  out  of  every  10. 

In  years  when  forage  production  is  good,  utilization  of 
the  desirable  forage  species  will  be  somewhat  less  than 
the  percentage  listed  in  table  2,  if  the  ranges  are  stocked 
at  75  percent  of  average  production.  The  extra  herbage 
left  will  help  the  plants  recover  from  drought  years  and 
also  help  to  build  extra  food  reserves. 

Severe  droughts  markedly  lower  the  grazing  capacity 
of  winter  ranges.  During  such  periods  total  herbage  pro- 
duction is  often  only  a  third  of  average.  Effects  of 
drought  are  often  apparent  on  the  range  for  2  or  3  years. 
Light  stocking  may,  therefore,  be  needed  following 
severe  drought.  This  is  especially  true  on  ranges  where 
many  of  the  desirable  species  are  killed  or  injured  by  the 
combined  effects  of  overgrazing  and  drought. 

Fortunately  most  of  the  forage  on  winter  ranges  is 
produced  before  the  winter  grazing  season  begins.  About 
60  percent  of  the  growth  is  made  by  the  end  of  July  and 
completed  by  September,  almost  a  month  before  grazing 
starts.  This  gives  stockowners  an  opportunity  to  ex- 
amine the  range,  estimate  forage  available  for  winter, 
and  make  necessary  arrangement  to  care  for  their 
animals  during  winters  when  forage  is  short. 


In  general,  amount  of  precipitation  and  total  herbage 
production  are  closely  associated.  In  years  when 
precipitation  is  high,  herbage  production  is  high;  when 
precipitation  is  low,  herbage  production  is  likewise  low. 
Yields  in  years  of  high  rainfall  have  been  as  much  as  six 
times  as  great  as  yields  in  drought  years. 

At  the  Desert  Experimental  Range,  herbage  produc- 
tion as  measured  in  October  was  found  to  be  closely 
related  to  the  precipitation  that  was  received  during  the 
preceding  12  months  (October  to  September).  Because  of 
this  close  relationship,  the  size  of  the  forage  crop  that  is 
available  for  winter  grazing  can  be  estimated  rather  ac- 
curately from  rainfall  by  using  figure  59.  For  example,  if 
the  precipitation  for  October  to  September  is  7  inches 
(17  cm),  the  approximate  herbage  production  on  the 
range  in  October  would  be  230  lb  per  acre  (259  kg/ha). 
This  can  be  read  from  figure  59  by  the  dotted  arrows  on 
the  chart. 

From  such  an  estimate  of  herbage  production  the 
stockowners  can  determine  the  available  forage  crop  a 
month  or  two  ahead  of  the  grazing  season.  They  then 
have  ample  time  to  make  adjustments  in  stocking  or  to 
provide  supplemental  feed  for  anticipated  short  forage 
crops  during  emergency  drought  periods. 
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Figure  59.— Chart  for  estimating  herbage 
yields  in  October,  based  on  relation  of 
October  herbage  yields  to  precipitation 
received  during  the  preceding  12  months  at 
the  Desert  Experimental  Range  (from 
Hutchings  1954). 

Animal  Distribution 

In  addition  to  a  "unit"  grazing  system  that  allows 
rotation  of  use,  periodic  rest,  and  proper  stocking  rate, 
an  effort  must  be  made  to  obtain  even  distribution  of 
livestock  over  the  entire  allotment.  Topography,  kinds 
and  patterns  of  vegetation,  location  of  watering  places, 
and  size  and  shape  of  individual  units  all  influence 
livestock  distribution. 

With  sheep,  type  of  herding  can  be  especially  impor- 
tant. Hutchings  (1954)  has  provided  some  useful  sugges- 
tions on  this  practice: 

Good  herding  and  careful  management  of  the 
flock  are  essential  to  proper  grazing.  Herding  is 
a  full-time  job,  and  a  good  herder  spends  most 


of  his  time  with  the  flock,  directing  the  course 
of  grazing  and  allowing  the  sheep  to  graze  quiet- 
ly throughout  the  day  without  excessive  trail- 
ing. For  good  management  the  following  herding 
practices  are  recommended:  (1)  plan  the  routes 
of  grazing  to  provide  a  variety  of  forage  with 
some  fresh  ungrazed  country  every  day;  never, 
except  in  emergencies,  round  up  the  herd  and 
trail  to  new  areas;  (2)  allow  the  sheep  to  spread 
out  and  graze  quietly,  but  do  not  allow  them  to 
trail  back  and  forth  across  the  range;  and  (3) 
bed  the  flock  in  a  new  location  each  night 
wherever  nightfall  overtakes  them. 

With  cattle  in  large  fenced  units,  use  is  heavier  near 
water  than  in  areas  miles  away.  The  disadvantages,  both 
to  the  animals  and  to  the  range,  of  insufficient  watering 
locations  have  been  stated  by  Stoddart  and  Smith 
(1955).  When  there  is  snow  on  the  ground,  both  cattle 
and  sheep  range  farther  from  water  than  when  there  is 
no  snow.  Cattle  come  in  to  water  less  frequently  then, 
and  sheep  do  not  drink  at  all.  Hutchings  (1958)  strongly 
recommends  hauling  water  to  sheep  for  better  distribu- 
tion and  to  allow  improvement  of  range  condition  in  the 
neighborhood  of  such  permanent  waters  as  wells,  ponds, 
and  developed  seeps.  He  shows  that  watering  on  the 
range  where  the  sheep  are  grazing  each  day  benefits 
both  sheep  and  range.  Costello  and  Driscoll  (1957) 
recommend  hauling  water  to  cattle.  By  moving  portable 
troughs  from  place  to  place  on  large  cattle  grazing  units, 
the  animals  will  be  enticed  to  areas  they  may  otherwise 
not  use. 


ANIMAL  NUTRITION 

Because  salt-desert  ranges  ordinarily  receive  only  light 
snowfall,  produce  high-quality  winter  forage,  and  are  in 
juxtaposition  with  other  ranges  unsuited  for  winter  graz- 
ing, their  most  valuable  use  is  winter  range  for  livestock 
(Holmgren  and  Hutchings  1972).  Such  use  is  not  incom- 
patible with  present  and  potential  value  for  wildlife 
habitat  and  recreational  activities.  This  so-called  winter 
range  is  actually  a  winter-spring  range.  Most  bands  of 
sheep  use  the  salt-desert  shrub  range  from  November 
through  April.  Cattle  graze  these  ranges  during  the 
same  period,  usually  on  separate  units,  and  also  during 
other  seasons. 

The  shrubby  species  of  the  salt-desert  shrub  ranges 
grow  in  association  with  various  grasses.  The  shrubs  are 
higher  in  protein,  phosphorus,  and  carotene  (vitamin  A) 
than  grasses,  whereas  grasses  are  superior  only  in 
energy-yielding  qualities  (Cook  and  others  1954).  If 
animals  are  expected  to  subsist  during  the  winter  on 
range  forage  alone,  a  mixture  of  shrubs  and  grasses  will 
undoubtedly  come  closer  to  meeting  the  requirements  of 
a  balanced  ration  than  either  alone. 

Range  forage,  unlike  most  cultivated  crops,  is  selected 
in  an  assortment  determined  by  preferences  of  the  graz- 
ing animal.  Kind  and  amount  of  forage  taken  is  in- 
fluenced not  only  by  kind  of  animal,  but  also  by  inten- 
sity of  grazing,  species  mixtures  present,  stage  of 
growth,  abundance  of  forage,  and  weather  conditions 


(Cook  and  others  1954).  Consequently,  it  is  difficult  to 
evaluate  the  nutritive  content  of  the  diet.  Value  of  range 
forage  is  further  complicated  by  factors  that  affect 
chemical  composition  of  the  forage  plants  such  as  type 
of  soil,  site,  stage  of  growth,  and  degree  of  weathering. 

During  winter  when  livestock  are  in  gestation,  nutrient 
requirements  are  only  slightly  higher  than  for 
maintenance.  If  the  animals  are  in  good  condition  at  the 
beginning  of  winter,  they  can  lose  some  weight  and  still 
remain  healthy.  According  to  Cook  and  Harris  (1968), 
feeding  supplements  may  increase  production  but  not 
always  enough  to  offset  additional  costs.  These  authors 
also  conclude  that  it  is  unwise  to  supplement  with 
energy  when  another  nutrient  such  as  phosphorus,  pro- 
tein, or  vitamin  A  is  limiting  production.  However,  one 
of  the  first  requirements  range  animals  must  meet  is 
energy,  because  they  frequently  travel  long  distances  to 
acquire  forage  and  water.  In  addition,  they  must  main- 
tain body  temperature  during  the  winter  without  the  aid 
of  shelter.  When  energy-supplying  carbohydrates  and 
fats  are  inadequate,  the  animal  will  use  protein  for 
energy  and  further  aggravate  any  protein  deficiency 
already  present  in  the  diet. 

Contrary  to  their  earlier  conclusion,  Cook  and  Harris 
(1968)  suggested  that  protein  supplements  such  as 
cottonseed  or  soybean  meal  are  perhaps  better  sup- 
plements on  winter  ranges  than  energy  feeds  such  as 
corn  and  barley,  even  when  energy  is  substantially  low 
in  the  animal's  diet.  Such  supplements  as  corn  and 
barley  have  a  tendency  to  reduce  the  digestibility  of 
cellulose  and  other  carbohydrates  of  range  forage  and, 
therefore,  do  not  substantially  increase  the  total  energy 
intake.  The  protein  supplements  actually  increase  the 
digestibility  of  most  nutritional  constituents  in  range 
forage  and  thereby  enhance  its  nutritive  value.  Feeding 
supplements  on  salt-desert  shrub  ranges  may  decrease 
the  quantity  of  range  forage  consumed. 

The  nutrient  content  of  an  animal  diet  on  good  and 
poor  condition  winter  range  depends  upon  the  vegetal 
composition  and  the  degree  of  use  (Cook  and  Harris 
1968).  Daily  intake  is  usually  less  on  poor  than  on  good 
condition  ranges.  This  may  result  from  more  time  spent 
in  searching  for  forage  and  being  forced  to  consume  less 
palatable  plants.  However,  light  use  of  the  unpalatable 
species  may  be  associated  with  extremely  heavy  use  of 
the  more  palatable  ones. 

Harris  and  others  (1956)  conducted  a  study  of  effect 
on  sheep  of  providing  supplemental  energy,  protein,  and 
phosphorus,  separately  and  in  combination,  during  the 
time  the  animals  were  on  the  winter  range.  They  found 
all  three  to  improve  animal  performance  (animal  weight, 
wool  production,  and  lamb  crop)  over  that  of  unsupple- 
mented  animals.  Weights  dropped  off  after  late 
December  under  all  treatments,  but  at  significantly 
greater  rates  for  sheep  not  receiving  supplements  than 
for  those  that  did.  The  report  does  not  describe  how  the 
range  was  grazed  or  the  condition  and  quality  of  the 
native  forage.  However,  in  animal  performance  the 
results  are  similar  to  what  Hutchings  and  Stewart  (1953) 
found  in  comparing  grazing  by  the  unit  system  that  had 
good  animal  distribution,  with  grazing  by  going  over  the 
allotment  several  times  during  winter.  In  that  study, 


animal  weights,  wool  production,  and  lamb  crops  were 
better  among  ewes  in  the  unit  system  where  they  were 
frequently  placed  on  fresh  forage  than  on  the  range 
where  forage  quality  was  declining  steadily  because  of 
the  grazing  method.  Merits  of  supplemental  feeding  and 
proper  grazing  method  may  still  be  debated,  but  Harris 
and  others  (1956)  state  that  "supplementary  feeding 
should  never  be  a  substitute  for  good  range  manage- 
ment.*' We  feel  that  supplements  should  be  provided 
only  at  times  of  extreme  emergency,  as  when  snow  is  so 
deep  that  forage  is  inaccessible  and  the  animals  cannot 
be  moved.  Of  course,  feeding  at  such  times  would  be 
more  than  supplemental  to  the  range  forage.  It  could 
necessarily  constitute  most  or  all  of  the  diet. 


RANGE  PESTS 

As  do  other  western  rangelands.  salt-desert  shrub  com- 
munities include  some  species  of  animals  and  plants  that 
sometimes  create  management  problems.  Insects, 
rodents,  rabbits,  and  annual  weeds  can  all  have  serious 
impacts.  Unfortunately,  many  of  them  are  not  well 
understood. 

Insects 

Among  the  few  studies  of  insects  in  salt-desert  shrub 
ecosystems  is  Fautin's  (1946)  identification  of  some  65 
species  in  shadscale  and  more  than  100  species  in 
greasewood  communities  of  western  Utah.  A  wide 
variety  of  insects  inhabit  salt-desert  shrub  communities, 
but  only  a  few  cause  significant  damage  to  the  vegeta- 
tion. Most  of  the  insects  are  native  species  that  usually 
occur  in  insufficient  numbers  to  cause  obvious  damage. 
Nevertheless,  they  may  affect  vigor  of  individual  plants, 
their  ability  to  compete  with  others,  and  lifespan.  For 
example,  in  a  life  history  study  of  budsage.  Wood  (1966) 
noted  that  accurate  ring  counts  were  difficult  to  obtain 
because  the  centers  of  stems  and  roots  were  often  eaten 
by  boring  insects.  West  (1982)  suggested  possible 
damage  to  shrubs  by  cutworms  (larvae  Xoctuidae). 
Indian  ricegrass  was  totally  eliminated  from  large  areas 
at  the  DER  by  a  combination  of  insect  larvae  and 
drought  (Guerra  1973). 

Because  they  are  apparently  responsible  for  vast  areas 
of  partially  denuded  range,  harvester  ants 
(Pogonomyrmex  occidentalis)  have  created  serious  con- 
cern among  ranchers  and  professional  range  managers. 
In  Gardner  saltbush  and  shadscale  communities  in 
southern  Idaho,  Sharp  and  Barr  (1960)  assumed  that  ant 
activity  caused  a  reduction  in  livestock  grazing  capacity, 
an  increased  potential  for  soil  erosion,  and  destruction  of 
a  large  amount  of  seed,  especially  that  of  the  grasses. 
Because  areas  in  poor  condition  and  infested  with 
halogeton  and  other  annuals  had  a  preponderance  of  ant 
clearings,  they  concluded  that  maintenance  of  good  con- 
dition ranges  was  important  in  keeping  ant  populations  at 
reasonable  levels.  In  similar  studies  on  Gardner  saltbush 
range  in  Wyoming,  Wight  and  Nichols  (1966)  concluded 


that  loss  of  forage  was  not  significant  because  increased 
moisture  created  a  border  effect  that  largely  compen- 
sated for  loss  of  vegetation  within  the  clearing. 
However,  possible  changes  in  vegetation  composition 
and  esthetics  should  make  it  desirable  to  continue  the 
search  for  effective  and  economical  methods  for 
harvester  ant  control. 

Severe  damage  to  shadscale  in  southern  Idaho  by  a 
snout  moth  of  the  family  Pyralidae  was  reported  some 
30  years  ago  iHutchings  1952).  Defoliation  by  the  larvae 
had  apparently  killed  most  of  the  shadscale  on  more 
than  20.000  acres  (8  000  ha)  allowing  the  invasion  of 
undesirable  annuals,  especially  halogeton.  Fortunately, 
this  was  an  isolated  case.  Apparently  the  usual  situation 
is  an  ecological  balance  between  the  insects  and  vegeta- 
tion with  minimal  damage  to  the  latter.  However,  when 
insect  populations  are  triggered  by  favorable  environ- 
mental factors,  some  of  the  shrubs  can  be  severely 
damaged. 

Rodents  and  Rabbits 

Rodents  and  rabbits  are  singled  out  as  pests,  perhaps 
unfairly  in  some  cases,  because  of  their  obvious  con- 
sumption of  or  damage  to  vegetation  of  salt-desert  shrub 
communities.  However,  they  undoubtedly  serve  several 
useful  purposes  such  as  food  for  predators  and  conse- 
quent lessening  of  impacts  on  game  animals  and 
livestock,  use  of  their  dens  for  shelter  by  other  animals 
and  birds,  soil  building  activities  related  to  burrowing 
and  excreta,  accumulation  of  plant  seed  caches  that 
subsequently  sprout,  and  use  as  game  by  hunters  or 
objects  of  interest  by  recreationists. 

Some  common  species  of  rodents  and  rabbits  in  salt- 
desert  shrub  communities  of  western  Utah  were  listed 
by  Fautin  (1946)  and  Vest  (1962).  These  include  the 
chisel-toothed  kangaroo  rat  (Dipodomys  microps),  Ord 
kangaroo  rat  (Dipodomys  ordii),  least  chipmunk 
iEutamias  minimus),  deer  mouse  \Peromyscus 
maniculatus),  harvest  mouse  (Reithrodontomys 
megalotis),  little  pocket  mouse  {Perognathus  longi- 
membrisl,  kangaroo  mouse  [Microdipodops 
megacephalus),  antelope  ground  squirrel  (Ammosper- 
mophilus  leucurus),  Townsend  ground  squirrel  iCitellus 
tounsendi).  pocket  gopher  (Thomomys  bottae).  cottontail 
rabbit  iSylvilagus  nuttallii),  and  black-tailed  desert 
jackrabbit  iLepus  californicus). 

Many  rodents  and  rabbits  have  distinct  food 
preferences  that,  in  combination  with  type  of  cover, 
strongly  influence  their  preferred  habitats.  According  to 
Vest  119621,  the  chisel-toothed  kangaroo  rat  prefers 
shadscale.  but  also  eats  considerable  fourwing  saltbush 
and  greasewood.  whereas  the  Ord  kangaroo  rat  prefers 
fourwing  saltbush.  but  also  feeds  on  greasewood. 
Russian  thistle,  and  grass.  Little  pocket  mice  seem  to 
prefer  seeds  of  ricegrass.  alkali  sacaton.  and  annual 
forbs.  Deer  mice  feed  on  and  store  leaves  and  seeds  of 
shadscale.  A  food  cache  of  a  deer  mouse  consisted 
almost  entirely  of  shadscale  leaves  and  seeds.  Antelope 
ground  squirrels  store  shoots  and  seeds  of  grasses,  and 
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the  seed  caches  frequently  germinate  the  following 
spring.  Both  antelope  and  Townsend  ground  squirrels 
also  feed  on  a  variety  of  shrubs.  Although  gopher 
populations  are  generally  low  in  salt-desert  shrub  com- 
munities, they  may  eat  considerable  quantities  of  grass 
and  forb  herbage  and  also  kill  plants  by  feeding  on  their 
roots.  Furthermore,  gopher  populations  are  cyclic  and 
during  times  of  high  density  can  be  destructive.  Cotton- 
tail rabbits  are  not  abundant  in  salt-desert  shrub  com- 
munities, so  their  impacts  on  vegetation  are  light. 
Because  of  their  size,  jackrabbits  can  consume  con- 
siderable quantities  of  forage  even  when  populations  are 
low.  Although  grasses  are  highly  preferred,  various 
shrubs  and  forbs  may  also  be  heavily  used.  As  with 
most  of  the  rodents,  jackrabbits  often  cut  much  more 
forage  than  they  consume,  leaving  considerable  waste  on 
the  ground. 

West  (1982)  described  the  black-tailed  desert  jack- 
rabbit  as  the  major  vertebrate  consumer  in  the  salt- 
desert  shrub  ecosystem,  but  this  may  be  true  only  in 
certain  situations.  Numerous  observers  report  that 
jackrabbits  prefer  the  cover  of  large  shrubs  such  as 
greasewood  and  big  sagebrush,  and  that  their  popula- 
tions are  generally  low  in  shadscale,  winterfat,  black 
sagebrush,  and  other  small  shrub  communities  unless 
they  are  adjacent  to  areas  occupied  by  the  larger  shrubs. 
An  extensive  survey  in  Nevada  and  adjacent  States  dur- 
ing summer  1957  showed  a  strong  relation  between 
distribution  of  sagebrush  and  high  jackrabbit  popula- 
tions (Adams  and  Adams  1959).  However,  Currie  and 
Goodwin  (1966)  demonstrated  possible  impacts  of 
jackrabbits  on  salt-desert  shrub  ranges  in  northwestern 
Utah.  They  concluded  that  during  a  given  period  5.8  rab- 
bits consumed  or  wasted  the  amount  of  forage  equaling 
the  food  requirement  of  one  sheep.  In  addition  to  pre- 
ferred grasses  and  forbs,  principal  shrub  species  used 
were  winterfat,  shadscale,  Gardner  saltbush,  and  big 
sagebrush.  Because  rabbit  and  sheep  preferences  are 
notably  similar,  impacts  on  sheep  ranges  could  be 
especially  high. 

In  an  unpublished  study  at  the  Desert  Experimental 
Range  in  southwestern  Utah,  Holmgren  concluded  that 
the  salt-desert  shrub  vegetation  supported  a  population 
of  rodents  weighing  about  1  lb  per  acre  (1.12  kg/ha). 
When  the  high  energy  requirement  of  the  small  rodents 
is  considered,  use  of  vegetation  by  these  animals  is  an 
'  important  factor. 

Annual  Weeds 

For  the  most  part,  native  annuals  are  relatively  unim- 
portant components  of  salt-desert  shrub  ranges  in  good 
condition,  where  perennial  species  offer  severe  competi- 
tion for  limited  moisture.  In  these  situations,  production 
of  annuals  is  low  except  in  unusual  years  when  they  are 
able  to  thrive  on  above-normal  precipitation.  Likewise, 
they  are  sometimes  able  to  take  advantage  of  improved 
moisture  conditions  when  the  perennial  stand  has  been 
weakened  or  destroyed  by  overgrazing  or  other  distur- 
bances. However,  the  principal  impact  of  annuals  is  from 
three  Old  World  species— cheatgrass,  Russian  thistle. 


and  halogeton.  These  aggressive  weeds,  especially  the 
latter  two,  can  readily  invade  and  dominate  depleted 
salt-desert  shrub  communities,  but  they  have  little  suc- 
cess in  competing  with  vigorous  stands  of  native  peren- 
nials on  good  condition  ranges. 

Cheatgrass  and  Russian  Thistle  are  Jekyll-and-Hyde 
species.  They  fill  the  void  when  desirable  perennials  are 
destroyed,  and  provide  soil  protection  and  considerable 
livestock  forage.  On  the  other  hand,  their  production 
fluctuates  greatly,  and  they  are  not  dependable  for 
either  soil  protection  or  forage.  Halogeton  has  many  of 
the  characteristics  of  Russian  thistle,  but  is  also 
poisonous  to  livestock,  especially  sheep,  and  has  been 
responsible  for  large  losses  on  ranges  of  Utah,  Idaho, 
and  Nevada. 

The  obvious  solution  to  annual  weed  problems  on  salt- 
desert  shrub  ranges  is  to  maintain  or  create  a  closed 
stand  of  desirable  perennials  that  will  limit  invasion  and 
growth  of  weedy  species.  Need  for  control  of  rodents  and 
rabbits,  especially  the  latter,  should  not  be  overlooked, 
as  their  impacts  can  be  severe  (Eckert  1954;  Frischknecht 
1968).  Also,  care  should  be  taken  to  prevent  undue 
vegetation  destruction  by  road  construction,  surface 
mining,  or  use  of  off-road  vehicles.  Where  depletion  of 
native  vegetation  has  been  severe,  complete  protection 
for  many  years  or  revegetation  may  be  necessary. 
The  latter  can  be  difficult. 

Although  herbicides  such  as  2,4-D  are  effective  in  kill- 
ing halogeton  plants  (Cronin  and  Williams  1966;  James 
and  Cronin  1974;  Miller  1956),  destruction  of  an  entire 
stand  is  virtually  impossible  (Tisdale  and  Zappettini 
1953).  Furthermore,  black  seeds  that  can  germinate  im- 
mediately and  brown  seeds  that  may  persist  in  the  soil 
for  at  least  10  years  provide  a  reliable  means  of  rein- 
vasion.  However,  the  main  deterrent  in  use  of  2,4-D  is 
that  it  also  kills  desirable  native  forage  species.  For 
example,  Cook  and  Stoddart  (1953)  reported  that  2  lb 
per  acre  (2.25  kg/ha)  of  2,4-D  was  required  to  effectively 
control  halogeton,  whereas  1.5  lb  per  acre  (2  kg/ha)  killed 
winterfat,  gray  molly,  and  shadscale  but  only  the  tops  of 
associated  halogeton. 

Because  elimination  of  halogeton  from  salt-desert  shrub 
ranges  of  the  Great  Basin  by  present  methods  is  not 
economically  or  ecologically  sound,  range  use  is  depen- 
dent upon  learning  how  to  graze  infested  areas  with 
least  damage  to  native  perennial  vegetetation  and 
minimum  livestock  losses  (Cook  and  others  1952). 
Halogeton  poisoning  usually  occurs  when  hungry 
animals  are  being  trailed  through  heavy  infestation  or 
when  shipped  in  and  unloaded  into  dense  stands  of  the 
weed.  At  one  time  it  was  popular  to  use  calcium  sup- 
plements to  alleviate  halogeton  poisoning  (Cook  and 
Stoddart  1953).  However,  this  practice  proved  un- 
satisfactory and  is  no  longer  recommended.  James  and 
Cronin  (1974)  have  several  recommendations  for  prevent- 
ing losses: 

1.  Allow  sheep  time  to  adapt  to  the  oxalate  responsi- 
ble for  poisoning  by  grazing  plants  such  as  shadscale, 
Russian  thistle,  and  Gardner  saltbush  that  contain  only 
small  amounts  of  the  oxalate.  Then,  introduce  animals  to 
halogeton-infested  areas  gradually. 
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2.  Never  allow  hungry  animals  to  graze  in  large,  dense 
patches  of  halogeton  as  found  on  trails,  old  bedgrounds, 
or  around  watering  places. 

3.  Watch  the  livestock  and  know  what  vegetation  is 
available  and  what  plants  are  being  grazed.  Provide  sup- 
plemental feed  and  water  before  moving  into  potentially 
hazardous  situations. 

REVEGETATION 

Original  vegetation  on  many  parts  of  the  salt-desert 
shrub  range  has  been  severely  damaged,  destroyed,  or 
replaced  by  less  desirable  species.  Soil  has  also  been  lost 
through  wind  and  water  erosion,  and  environmental 
amenities  have  been  altered.  Although  restoration  of  an 
adequate  cover  of  desirable  vegetation  is  needed, 
depleted  salt-desert  shrub  ranges  are  slow  to  improve 
under  either  good  management  or  complete  protection. 
Therefore,  direct  revegetation  may  be  the  only  satisfac- 
tory solution.  Unfortunately,  the  different  and  harsh  en- 
vironment of  salt-desert  shrub  ranges  prevents  the  use 
of  species  and  methods  that  have  been  successful  in 
direct  seeding  of  other  western  ranges. 

Problems  encountered  in  revegetation  of  salt-desert 
shrub  rangelands  were  reviewed  by  Bleak  and  others 
(1965),  who  examined  more  than  100  seedings  of  grasses 
and  shrubs  in  Utah  and  Nevada,  some  as  old  as  25 
years.  Their  conclusions  are  summarized  in  the  following 
paragraphs: 

Returns  from  revegetation  of  lands  in  the  shadscale 
zone  are  low  contrasted  with  those  in  the  sagebrush 
zone.  Many  problems  were  encountered  in  the  shadscale 
zone,  but  the  arid  climate  appeared  to  be  the  major  fac- 
tor. Average  annual  precipitation  ranged  from  3  to  more 
than  8  inches  (8  to  20  cm).  Droughts  were  general 
throughout  the  zone.  Low  humidity,  high  evaporation, 
and  high  diurnal  temperature  fluctuations  increased  the 
severity  of  the  climate.  The  heterogeneous  soils  in  the 
shadscale  zone  usually  contained  more  soluble  salts  than 
comparable  soils  in  the  sagebrush  zone. 

Although  vast  areas  have  been  rehabilitated  through 
management,  direct  plantings  of  both  introduced  and 
native  species  usually  failed.  Good  seedling  stands  usual- 
ly were  obtained  with  the  wheatgrasses,  but  most  plants 
perished  during  the  first  summer.  However,  a  few  plant- 
ings of  the  introduced  crested  wheatgrass  (Agropyron 
desertorum),  fairway  wheatgrass  (Agropyron  cristatum), 
Siberian  wheatgrass  {Agropyron  sibiricum),  and  Russian 
wildrye  (Elymus  junceus)  maintained  stands  for  10  or 
more  years. 

Although  resident  shrubs  and  grasses  dominated  the 
various  communities  within  the  zone,  good  stands  of 
these  natives  were  difficult  to  obtain  by  artificial 
seeding.  Low  seed  viability  and  seed  dormancy  were 
problems.  Because  seeds  of  many  native  and  introduced 
species  germinated  at  relatively  low  temperatures  in  late 
winter  and  early  spring,  frost  damage  occurred.  Seed- 
lings of  native  shrubs  usually  were  not  highly  drought 
resistant  and  frequently  died  during  the  first  year.  Site 
differences  coupled  with  inherent  differences  between 
strains  of  a  single  species  may  have  limited  adaptability 
of  these  strains  to  specific  localities.  In  addition,  insects, 
rabbits,  and  rodents  caused  much  damage  in  some  years. 
Success  in  this  arid  zone  will  likely  depend  on  use  of 


native  plants  adapted  to  the  particular  site.  Future 
revegetation  efforts  should  include  the  use  of  native 
shrubs  and  grasses  that  dominate  the  natural  com- 
munities within  this  zone. 

Hull  (1963)  made  experimental  seedings  with  14 
species  of  grass  on  18  salt-desert  shrub  areas  in 
Wyoming  from  1948  to  1950.  Although  initial  stands 
were  encouraging  and  many  persisted  for  several  years, 
scarcely  any  of  them  could  be  considered  successful  after 
12  years.  Russian  wildrye  was  the  most  successful 
species  used,  followed  closely  by  crested  wheatgrass. 
Many  reasons  have  been  suggested  for  rehabilitation 
failures  from  direct  seeding  in  the  salt-desert  shrublands 
(Van  Epps  and  McKell  1980),  including  low  seed  ger- 
mination, unadapted  species  or  ecotypes,  frost  or  winter 
kill  of  emerged  seedlings,  improper  depth  or  season  of 
planting,  inadequate  seedbed  preparation,  seed  removal 
by  animals,  grazing  damage,  excessive  competition  from 
other  plants,  lack  of  soil  moisture,  low  precipitation  and 
hot  winds  during  critical  growth  periods,  soil  compac- 
tion, diseases,  and  perhaps  the  absence  of  beneficial 
mycorrhiza. 

Because  even  the  best-adapted  of  the  introduced 
grasses  seldom  last  longer  than  10  to  12  years  in  salt- 
desert  shrub  areas  (Plummer  1966),  rehabilitation  prac- 
tices should  minimize  damage  to  native  vegetation  so 
that  it  can  increase  as  the  introduced  species  disappear. 
Grasses,  forbs,  and  shrubs  have  been  seeded  into  partial 
stands  of  native  shrubs,  especially  shadscale  and  winter- 
fat,  but  usually  with  marginal  results.  Because  of  the 
inherent  harshness  of  salt-desert  shrub  sites,  revegeta- 
tion projects  should  be  approached  with  caution. 

Although  the  list  is  much  shorter  than  for  other 
western  ranges,  a  number  of  species  have  been  recom- 
mended for  revegetating  salt-desert  shrublands 
(Plummer  1966;  Plummer  and  others  1968;  McArthur 
and  others  1978).  In  addition  to  such  exotics  as  Russian 
wildrye,  crested  wheatgrass,  and  tall  wheatgrass 
(Agropyron  elongatum),  several  native  grasses  including 
Indian  ricegrass,  sand  dropseed,  alkali  sacaton,  basin 
wildrye  (Elymus  cinereus),  blue  grama,  needle-and-thread 
(Stipa  comata),  Salina  wildrye  (Elymus  salinus),  and 
bottlebrush  squirreltail  have  been  used  with  some  suc- 
cess. Only  a  few  forbs  appear  adapted  for  seeding  salt- 
desert  shrub  areas:  gooseberryleaf  globemallow, 
American  licorice  (Glycyrrhiza  lepidota),  Lewis  flax 
(Linum  lewisii),  and  small  burnet  (Sanguisorba  minor). 
Shrubby  chenopods  that  have  shown  promise  in  trial 
plots  for  seeding  salt-desert  ranges  include  fourwing 
saltbush,  winterfat,  shadscale,  Gardner  saltbush,  Castle 
Valley  clover,  mat  saltbush,  and  spiny  hopsage.  In 
addition  to  these  native  species,  prostrate  kochia  (Kochia 
prostrata),  an  introduction  from  Eurasia,  has  shown 
potential  usefulness  in  a  number  of  situations.  Several 
shrubby  composites  are  also  recommended,  especially  in 
soils  with  the  lower  concentrations  of  salt  and  alkali. 
These  include  big  sagebrush,  black  sagebrush,  budsage, 
rubber  rabbitbrush  (Chrysothamnus  nauseosus),  and  low 
rabbitbrush. 

For  the  most  part,  mixtures  of  grasses,  forbs,  and 
shrubs  are  preferable  to  single  species  (Plummer  and 
others  1968;  McArthur  and  others  1978)  because  (1) 
many  seedings  are  on  terrain  that  includes  diverse 
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microhabitats,  (2)  some  plants  benefit  others  by  pro- 
viding habitat  and  nutrients,  (3)  diseases  and  insects  do 
not  attack  all  species  equally,  (4)  a  mixed  diet  is  usually 
more  palatable  and  nutritious  for  herbivores,  (5)  varia- 
tion in  time  of  growth  extends  the  period  of  succulent 
forage,  and  (6)  mixed  vegetation  provides  habitat  for  a 
great  variety  of  wildlife. 

Seed  should  be  planted  in  late  fall  or  early  winter.  This 
will  avoid  precocious  fall  germination,  overcome  seed 
dormancy,  take  advantage  of  moisture  from  spring 
snowmelt,  and  minimize  destruction  of  seed  by  animals 
that  would  then  be  in  hibernation.  Suitable  mixtures 
might  be  composed  of  equal  parts  of  8  to  10  species  and 
seeded  at  the  rate  of  10  to  12  lb  per  acre  (11  to 
13.5  kg/ha). 

Seeding  in  salt-desert  shrub  communities,  especially 
those  dominated  by  shadscale,  can  be  accomplished 
without  major  reduction  of  existing  shrubs.  The 
rangeland  drill  can  be  used  to  good  advantage,  especially 
when  it  is  adjusted  to  make  furrows  of  maximum  width, 
or  a  browse  seeder  equipped  with  narrow  scalpers  will  be 
satisfactory  in  many  situations.  Anchor  chains,  pipe  har- 
rows, and  disks  will  destroy  too  much  of  the  native 
vegetation  and  generally  should  not  be  used. 

Despite  the  somewhat  optimistic  tone  of  the  above 
discussion  and  recommendations,  "successful  procedures 
and  species  for  seeding  in  drier  areas  have  not  been 
developed  well  enough  for  us  to  recommend  large-scale 
seedings"  (Plummer  and  others  1968). 

Where  depletion  of  salt-desert  shrub  vegetation  has 
been  especially  severe,  say  from  mining  or  road  construc- 
tion, or  where  fairly  rapid  revegetation  is  important, 
special  measures  may  be  justified  to  assure  success. 
These  areas  are  relatively  small  compared  to  the  broad 
expanses  of  rangeland  where  livestock  grazing  has  been 
the  major  disturbance.  On  areas  where  success  is  man- 
datory and  cost  is  of  secondary  importance,  such  nor- 
mally prohibitive  measures  as  intensive  soil  preparation, 
use  of  soil  amendments,  improved  moisture  condition 
through  mulches  or  drip  irrigation,  and  use  of  trans- 
plants rather  than  seed  may  all  be  employed  to  insure 
successful  revegetation  (McArthur  and  others  1978; 
Frischknecht  and  Ferguson  1979;  Van  Epps  and  McKell 
1980). 

Transplanting  requires  a  choice  between  bare-root  and 
container-growth  stock.  Although  survival  of  the  latter 
is  generally  higher  (Van  Epps  and  McKell  1980),  the 
economy  of  growing  and  ease  of  handling  make  a  good 
case  for  bare-root  stock,  especially  when  conditions  are 
favorable.  Water  conservation  through  mulching  or  use 
of  pits  and  furrows  usually  improves  plant  establish- 
ment, as  does  supplying  additional  water  through  drip- 
irrigation  or  other  means. 

INTEGRATION  OF  MULTIPLE  USES 
AND  VALUES 

Although  the  primary  use  of  salt-desert  shrub  range 
has  been  grazing  by  domestic  livestock,  increasing 
recognition  has  been  given  to  its  use  as  wildlife  habitat, 
as  wildland  with  many  recreation  opportunities,  as  a 
source  of  important  minerals,  and  as  a  resource  reserve 
available  for  supplying  presently  unforeseeable  needs. 


Consequently,  maximum  livestock  production  is  a 
reasonable  goal  only  when  it  does  not  conflict  with  other 
resource  uses  and  values.  Despite  the  apparently  simple 
composition  of  salt-desert  biotic  communities,  interrela- 
tions of  the  various  ecosystem  components  can  be  com- 
plex, and  manipulations  through  management  can  have 
serious  consequences.  Livestock  grazing,  selective  plant 
control,  and  introduction  of  new  species  through  seeding 
and  planting  can  greatly  influence  habitat  quality  and 
wildlife  populations.  Likewise,  hunting  or  other  control 
measures  can  upset  balances  among  animal  populations. 
For  example,  the  relative  abundance  of  rabbits  and 
rodents  appears  to  be  an  important  factor  in  amount  of 
predation  on  pronghorn  antelope  by  coyotes,  bobcats, 
and  golden  eagles  (Beale  and  Holmgren  1979). 

Associated  plant  communities  such  as  sagebrush-grass 
and  pinyon-juniper,  and  inclusions  of  aquatic  and 
riparian  vegetation,  are  important  as  wildlife  habitat  and 
for  their  recreational  values— often  far  out  of  proportion 
to  the  area  they  occupy.  Because  all  these  are  normal 
components  of  most  salt-desert  shrub  ranges,  they  must 
be  given  special  consideration  in  the  development  of 
management  prescriptions. 

Wildlife 

Although  animal  populations  of  salt-desert  shrub 
ranges  are  seemingly  sparse  and  simple,  a  considerable 
number  of  species  varying  in  size  from  insects  to  large 
ungulates  are  normal  inhabitants.  A  tendency  exists  to 
categorize  them  as  desirable  or  undesirable  depending  on 
personal  taste  and  whether  their  activities  and  effects  on 
the  ecosystem  are  perceived  as  good  or  bad.  Insects, 
rodents  and  rabbits,  and  lizards  and  snakes  are  common- 
ly considered  undesirable,  whereas  songbirds  and  such 
game  species  as  mourning  doves  and  antelope  are  usual- 
ly considered  desirable.  In  between  are  the  predators- 
hawks,  eagles,  kit  foxes,  bobcats,  and  coyotes— which 
may  be  hated,  loved,  or  merely  tolerated.  However,  until 
more  is  known  about  impacts  or  values  of  the  various 
species,  it  seems  prudent  for  the  manager  to  maintain  an 
open  mind. 

A  number  of  factors  influence  faunal  composition  in- 
cluding kind  of  salt-desert  communities  and  their  condi- 
tion, other  associated  plant  communities,  available 
water,  topography,  soil,  weather,  livestock  grazing,  and 
interrelations  of  the  various  animal  species.  Because 
some  of  these  factors  can  be  manipulated  to  improve 
habitat  for  particular  species,  opportunities  exist  for 
favoring  populations  of  at  least  a  few  of  them.  At  a 
minimum,  livestock  grazing  and  range  improvement 
practices  should  be  compatible  with  good  habitat  for 
game  species  such  as  antelope  and  doves  or  rare  species 
such  as  the  bald  and  golden  eagles. 

Antelope.— Pronghorn  antelope  is  the  most  important 
game  animal  on  most  salt-desert  shrub  ranges,  but 
numbers  are  often  sparse.  For  example,  in  western  Utah 
there  is  only  about  one  animal  per  5  square  miles  (13 
km2)  of  potentially  usable  range,  whereas  pronghorn  food 
requirements  and  composition  of  the  vegetation  indicate 
that  such  range  should  be  able  to  support  5  animals  per 
square  mile  (2.6  km2)— a  25-fold  increase  (Beale  and 
Holmgren  1979). 
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This  low  antelope  production  has  been  a  perplexing 
problem  in  Utah  for  many  years.  However,  studies  by 
Beale  and  Smith  (1970),  Beale  and  Holmgren  (1974), 
Smith  and  Beale  (1980),  and  Clary  and  Holmgren  (1981) 
show  the  importance  of  adequate  water  during  the  sum- 
mer, fawn  losses  due  to  predation,  and  competition  with 
domestic  livestock  for  preferred  winter  forage  species. 

Although  many  factors  affect  the  amount  of  water 
necessary  to  maintain  healthy  and  productive  antelope 
herds,  they  cannot  live  without  drinking  water  for  ex- 
tended periods  during  the  summer  on  most  salt-desert 
shrub  ranges,  even  when  forage  is  above  average  in  suc- 
culence. Because  free  water  is  usually  in  short  supply, 
providing  drinking  water  through  spring  development, 
construction  of  guzzlers  (fig.  60),  hauling,  or  other  means 
will  expand  the  area  of  usable  range  and  increase  the 
density  of  antelope.  Water  developments  for  livestock 
will  undoubtedly  be  used  by  antelope  and  other  wildlife, 
especially  if  they  are  designed  and  managed  to  fit 
wildlife  needs. 

Because  birth  rates  are  generally  high,  fawn  mortality 
must  be  responsible  for  low  herd  productivity.  Although 
forage  conditions  may  affect  fawn  survival,  especially 
the  abundance  of  succulent  forbs  during  the  summer 
months,  predation  appears  to  be  the  most  important  fac- 
tor. For  example,  on  a  captive  antelope  herd  at  the  DER 
during  the  4  years  1975  to  1978,  observations  showed 
that  coyotes,  golden  eagles,  and  bobcats  killed  about  60 
percent  of  the  fawns  (Beale  and  Holmgren  1979). 
Jackrabbits  supply  a  major  part  of  the  diet  for  coyotes, 
so  Beale  and  Holmgren  (1979)  speculated  that  the 
relative  abundance  of  other  prey  species,  such  as  rabbits 
and  rodents,  may  significantly  affect  predation  on 
antelope  fawns. 

Although  competition  between  domestic  livestock  and 
antelope  has  been  regarded  as  a  cause  of  low  antelope 
productivity,  Smith  and  Beale  (1980)  concluded  that  this 
was  not  serious  on  the  deserts  of  western  Utah  because 
many  plants  grazed  by  antelope  provide  little  or  no 
forage  for  livestock.  Forbs  used  by  antelope  in  summer 
are  ephemeral  and  therefore  not  present  in  winter  when 
livestock  are  on  the  range.  Species  such  as  snakeweed 
and  desert  almond,  both  of  value  to  antelope,  are  of 
minor  importance  to  livestock,  whereas  winterfat  and 
shadscale,  both  used  by  livestock,  are  largely  ignored  by 
antelope.  However,  winter  diets  of  antelope  and  sheep  do 
overlap  in  the  case  of  black  sagebrush,  and  competition 
can  be  severe  when  it  is  in  short  supply.  For  this  reason, 
a  grazing  system  is  desirable   that    leaves  a  portion  of 
the  allotment  ungrazed  by  sheep  each  year.  Alternation 
of  use  by  sheep  and  cattle  could  also  give  relief  to  the 
black  sagebrush,  enabling  it  to  regain  vigor  without  hav- 
ing to  forego  use  of  the  range. 

Systematic  observations  (Clary  and  Holmgren  1981)  on 
the  DER  during  winter  show  a  pattern  of  antelope  leav- 
ing units  that  were  grazed  by  sheep  and  not  returning 
until  plant  growth  has  begun  in  the  spring.  The  re- 
searchers concluded  that  even  moderate  use  by  sheep 
during  the  dormant  period  is  unfavorable  to  antelope 
until  regrowth  has  occurred.  However,  the  expanding 
population  of  antelope  on  the  DER  suggests  that  a 
rotation-deferred  grazing  system  that  provides  some 
range  ungrazed  by  sheep  at  all  times  has  resulted  in  a 


satisfactory  situation  for  the  pronghorn. 

Upland  game  birds.— Salt-desert  shrub  ranges  provide 
especially  good  habitat  for  mourning  doves,  which  are 
widely  distributed  wherever  free  water  is  available 
(Hancock  1966).  Although  doves  nest  at  a  considerable 
distance  from  water,  it  is  vital  to  their  survival  and 
welfare  in  this  desert  habitat.  Dove  hunting  is  a  fairly 
popular  sport.  Birds  will  accommodate  more  hunters 
than  will  larger  game. 

Chukars  and  sage  grouse  may  also  occupy  salt-desert 
shrub  ranges,  especially  peripheral  areas  where  preferred 
habitat  is  available.  Chukars  are  found  near  rocky 
escape  cover  and  areas  dominated  by  winter  annuals, 
whereas  sagebrush  communities  must  be  present  to  at- 
tract sage  grouse. 

Water  is  needed  for  all  of  these  birds,  and  habitat  im- 
provement is  often  restricted  to  water  development.  In- 
stallations are  commonly  of  the  "guzzler"  type  (fig.  60) 
with  a  collecting  apron,  storage  tank,  and  a  small  drink- 
ing fountain  with  a  float  valve  for  minimal  waste  and 
evaporation. 

Other  wildlife.— Other  species  of  some  prominence  in 
the  salt-desert  shrub  rangelands  may  be  roughly 
classified  as  songbirds,  rodents  and  rabbits,  reptiles,  and 
predators  (coyotes,  bobcats,  kit  foxes,  badgers,  owls, 
hawks  and  eagles).  Although  some  observations  have 
been  made  of  their  abundance  and  activities,  little  infor- 
mation is  available  on  ecological  interrelations  and  im- 
pacts. Until  these  are  better  known,  it  appears  prudent 
to  aim  at  maintenance  of  somewhat  natural  populations 
of  these  native  species  to  avoid  serious  disruption  of 
ecosystems  that  have  existed  for  long  periods.  Attempts 
to  manipulate  animal  populations  of  salt-desert  shrub 
ecosystems  would  seem  ill-advised  based  on  existing 
knowledge. 

Recreation 

In  addition  to  the  recreational  values  of  wildlife,  the 
vast  and  largely  uninhabitated  salt-desert  shrub  ranges 
provide  unique  areas  for  camping,  rock-hounding,  and 
enjoyment  of  the  scenery  or  the  solitude.  Unfortunately, 
the  wheels  of  offroad  vehicles  used  to  reach  these  recrea- 
tional areas  can  destroy  vegetation  and  damage  the  soil, 
often  causing  accelerated  wind  and  water  erosion.  Regu- 
lations of  recreational  activities  and  repair  of  existing 
damage  are  serious  management  problems.  Although  a 
few  badland  and  other  scenic  areas  have  been  designated 
as  State  or  National  Parks,  most  of  the  salt-desert  shrub 
rangelands  are  not  esthetically  pleasing  to  most  people 
and,  therefore,  attract  little  attention  for  this  purpose. 

Soil  Stabilization 

Some  wind  erosion  is  normal  in  this  arid  region.  For 
example,  strong  winds  lift  salts  from  the  "sinks"  or  salt 
pan  areas  of  some  of  the  Great  Basin  valleys  of  interior 
drainage.  In  a  number  of  these  valleys,  especially  toward 
their  northeasterly  edges,  sand  accumulated  in  dunes 
from  ancient  deltas  as  Pleistocene  lakes  receded  and 
disappeared,  and  some  of  these  have  not  yet  stabilized. 
For  the  most  part,  however,  airborne  particulate  matter 
from  the  desert  should  be  considered  unnatural.  Sands 
and  sandy  loams  are  readily  erodable  once  the  natural 
protection  of  vascular  and  nonvascular  vegetation  is 
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reduced  or  broken  up.  The  stability  in  many  places  is  in 
delicate  balance,  readily  damaged  by  grazing  (trampling) 
animals  and  offroad  vehicles,  which  injure  the  perennial 
plants,  destroy  microphytic  soil  crusts,  and  make  the 
soils  more  susceptible  to  wind  erosion. 

On  the  sloping  areas  of  salt-desert  shrub  rangelands, 
water  becomes  more  important  as  an  erosion  agent.  Ex- 
amples of  severe  water  erosion  are  the  shale  badlands  of 
the  Wyoming  basin  and  Colorado  Plateau.  Because  of 
the  high  erosion  rates  on  many  salt-desert  areas,  a 
number  of  measures  such  as  contour  furrowing,  gully 
plugging,  ripping,  and  pitting  have  been  tried  for  reduc- 
tion of  runoff  and  erosion  (Coltharp  and  West  1966). 
These  treatments  are  aimed  at  increasing  infiltration  and 
decreasing  overland  flow.  However,  they  are  largely  inef- 
fective on  salt-desert  shrub  areas  because  the  shales  are 
so  impenetrable  and  the  vegetal  cover  so  sparse  that 
more  vegetation  is  destroyed  than  is  encouraged  (Gifford 
and  others  1978). 

Overland  flow  occurs  during  and  following  the  more  in- 
tense summer  rainstorms.  The  severity  and  duration  of  a 
storm  determine  the  amount  of  runoff.  And,  of  course,  a 
storm  of  an  intensity  to  cause  overland  flow  on  a  slope 
of  some  steepness  may  not  be  severe  enough  to  yield 
runoff  from  gentler  slopes.  When  sheet  flow  reaches  the 
natural  drainages,  these  flow  as  streams,  tributary  to 
the  larger  washes,  which  flow  as  rivers.  On  alluvial 
slopes,  flow  is  rapid  and  has  great  sediment-load  capaci- 
ty and  erosive  power.  Drainageways  are  dry  most  of  the 
time,  but  their  gravelly  beds  indicate  bed  movement  at 
times  of  waterflow.  They  may  revegetate  during  the 
years  between  discharges  of  rainfall  runoff.  They  are  a 
normal  feature  of  deserts.  The  abnormal  result  of  heavy 
rainfall  is  rilling  of  the  upland  areas  between  drainages. 
The  ideal  condition  is  sheet  flow  with  a  minimum  of  soil 
movement.  This  is  possible  where  the  stabilizers  of  the 
soil  surface  have  not  been  injured  by  excessive  use  by 
hooved  animals  or  vehicles.  The  pebbled  pavement  or  the 
cryptogamic  crust  provides  strength  and  surface  irregu- 
larity to  reduce  velocity,  cutting  power,  and  particle- 
carrying  capacity. 

In  the  Colorado  Plateau  region,  the  parent  material  of 
some  soils  is  salt-bearing  shale,  and  erosion  of  the  soil 
surface  in  deserts  of  that  area  raises  the  salinity  of  the 
runoff  water  as  the  salts  are  exposed  and  dissolved 
(Bentley  and  others  1980).  Salinity  of  the  water  for  users 
in  the  lower  reaches  of  the  Colorado  River  is  a  problem 
of  international  concern,  so  surface  erosion  in  the  deserts 
of  eastern  Utah,  Wyoming,  and  Colorado  is  an  important 
consideration  in  addition  to  the  more  obvious  problems 
of  reservoir  siltation  and  site  depletion  by  soil  erosion. 

As  earlier  discussed,  soil  is  stable  on  range  in  good 
condition  or  with  an  upward  trend.  We  emphasize  again 
that  livestock  trampling  can  be  a  major  cause  of  soil 
loss  and  sedimentation  (Lusby  1970),  and  grazing  must 
be  carefully  managed. 

CONCLUSIONS  AND  SUMMARY 

West  (1982)  and  others  suggest  salt-desert  shrub  ranges 
will  likely  remain  largely  as  wildlands  with  extensive 
management  based  on  ecological  restraints  and  economic 
constraints.  Because  of  low  grazing  capacities,  slow 


rates  of  recovery  for  existing  deteriorated  areas,  and 
severe  erosional  problems  in  some  locations,  some 
livestock  may  be  removed  from  certain  ranges  where 
they  have  historically  grazed.  On  the  other  hand,  im- 
plementation of  improved  management  as  recommended 
herein  would  possibly  allow  an  accelerated  upward  trend 
in  range  condition  and  increased  livestock  production. 
Although  inherent  productivity  is  low,  the  vast  area  of 
salt-desert  shrub  rangeland  contributes  importantly  to 
Western  forage  totals,  and  livestock  grazing  will  pro- 
bably remain  as  the  principal  use. 

Because  these  rangelands  will  not  readily  accom- 
modate agricultural  or  urban  use,  they  will  remain 
sparsely  populated  and,  therefore,  available  for  produc- 
tion of  wildlife,  for  military  uses,  as  a  vast  area  for 
diluting  air  pollutants,  as  a  source  of  minerals,  and  as 
open  space  for  enjoyment  of  recreational  activities. 
These  uses  and  values  should  be  properly  integrated 
with  livestock  grazing  to  provide  for  improvement  and 
conservation  of  a  valuable  resource  that  will  be  available 
to  satisfy  presently  unforeseeable  needs. 

This  publication  is  an  overview  of  a  vast  amount  of 
knowledge  about  the  salt-desert  shrub  ranges.  We  have 
endeavored  in  the  following  summary  to  focus  on  the 
most  important  areas  of  that  knowledge. 

The  Range  and  the  Vegetation 

Salt-desert  shrub  vegetation  occupies  some  40  million 
acres  (16  million  ha)  of  the  Great  Basin  Desert.  It  is  im- 
portant for  production  of  livestock  and  wildlife,  for  a 
variety  of  recreational  activities,  for  soil  stabilization, 
and  as  a  resource  reserve. 

Salt-desert  shrublands,  like  other  western  ranges,  have 
been  damaged  by  livestock  grazing,  construction  of 
energy  or  transportation  corridors,  military  operations, 
recreational  practices  associated  with  off-road  vehicles, 
and  surface  mining.  Restoration  of  desirable  vegetation 
is  needed  on  extensive  areas. 

Shrubby  chenopods,  commonly  known  as  saltbushes, 
are  the  principal  vegetal  component  of  salt-desert  shrub 
ranges.  Shrubby  composites  and  grasses  are  also  impor- 
tant in  certain  areas. 

Although  numerous  salt-desert  shrub  communities 
have  been  named,  described,  and  studied,  a  usable 
classification  system  has  not  been  developed. 

Desert  plants  grow  when  temperature  is  satisfactory, 
but  only  if  soil  moisture  is  available  at  the  same  time. 
Because  amount  of  moisture  is  variable  from  year  to 
year  and  because  different  species  flourish  under  dif- 
ferent seasons  of  soil  moisture,  seldom  do  all  com- 
ponents of  the  vegetation  thrive  in  the  same  year. 

Although  direct  revegetation  is  often  needed,  the  dif- 
ferent and  harsh  environment  prevents  the  use  of  species 
and  methods  that  have  been  successful  for  seeding  other 
western  ranges.  Little  evidence  is  available  to  support 
recommendations  for  extensive  revegetation  efforts  in 
salt-desert  shrub  areas. 

Weather  and  Soil 

As  the  name  implies,  the  salt-desert  shrub  region  is 
arid.  It  is  also  relatively  cold  with  warm  (rather  than 
hot)  summers  and  with  cold  winters. 
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Animals,  as  well  as  plants,  exhibit  wide  fluctuations  in 
productivity  from  year  to  year,  largely  as  a  result  of 
varying  weather  conditions. 

Salt-desert  shrub  vegetation  may  be  an  indication  of 
either  climatically  dry  soils  or  physiologically  dry  soils. 

Although  salt-desert  shrub  vegetation  and  soils  are  ob- 
viously related,  precise  correlations  are  often  lacking. 
Species  and  communities  are  apparently  sorted  out  along 
physical,  chemical,  moisture,  and  topography  gradients 
through  complex  relations  that  are  not  understood  and 
are  in  need  of  further  study. 

Prevention  of  soil  erosion  is  necessary  to  minimize  site 
depletion,  reservoir  silting,  and  increase  in  water  salini- 
ty, particularly  in  the  Colorado  River  basin. 

Condition  and  Trend 

Because  reliable  judgment  of  condition  and  trend  is 
essential  to  effective  evaluation  of  range  management 
practices,  range  managers  should  be  able  to  identify  the 
plants  and  their  relative  value  as  forage,  to  recognize 
differences  among  habitat  types  or  sites,  to  understand 
ecological  principles  including  patterns  of  and  reasons 
for  change,  and  to  properly  interpret  change  as  a  basis 
for  adjustment  in  management  prescriptions. 

Information  on  condition  and  trend  of  salt-desert 
shrub  ranges  is  largely  limited  to  results  of  studies  at 
the  Desert  Experimental  Range  in  southwestern  Utah. 
However,  guides  developed  here  can  be  broadly  used  by 
managers  to  make  responsible  judgments  for  a  variety 
of  similar  plant  communities  or  situations. 

Criteria  for  judging  range  condition  are  amount  of 
vegetal  cover,  relative  abundance  of  desirable  and 
undesirable  species,  vigor  of  good  forage  plants,  and 
extent  of  soil  erosion. 

On  salt-desert  shrub  ranges,  trend  in  range  condition 
is  probably  more  easily  judged  than  condition  itself.  Ex- 
pressing the  direction  and  possibly  the  rate  of  ongoing 
change,  trend  indicates  the  effect  of  current  livestock 
grazing  and  suggests  management  actions  for  main- 
tenance or  improvement  of  range  condition. 

Downward  trend  is  indicated  by  poor  vigor  of  good 
forage  species  and  evidence  of  severe  grazing  use  such 
as  presence  of  standing  dead  plants  or  their  root  stubs. 
Younger  plants  of  desirable  species  are  few  in  relation 
to  number  of  young  increaser  or  invader  perennials. 
Upward  trend,  though  more  difficult  to  recognize,  is 
improvement  in  quantity  and  quality  of  vegetation, 
provided  that  the  soil  is  stable. 

Wildlife  and  Range  Pests 

Increasing  recognition  has  been  given  in  recent  years 
to  range  use  as  wildlife  habitat.  Associated  plant  com- 
munities such  as  sagebrush-grass  and  pinyon-juniper,  as 
well  as  aquatic  and  riparian  inclusions,  are  important  as 
wildlife  habitat  and  as  recreational  sites.  Accordingly, 
they  should  be  given  special  considerations  in  the 
development  of  management  prescriptions. 

Range  pests  such  as  insects,  rodents  and  rabbits,  and 
annual  weeds  can  all  have  serious  impacts,  many  of 
which  are  not  well  understood.  Halogeton  can  be  espe- 
cially poisonous  to  sheep,  and  special  grazing  practices 
are  necessary  to  prevent  serious  losses  where  this  nox- 
ious weed  occurs. 


The  Principal  Use:  Grazing  of  Livestock 

Changes  in  salt-desert  shrub  communities  are  mainly 
caused  by  variations  in  climate  and  selective  removal  of 
plant  parts  by  animals.  Long-term  studies  at  the  DER 
have  produced  a  wealth  of  information  on  effects  on  the 
vegetation  of  intensity  and  season  of  grazing  by  sheep. 

Under  heavy  grazing,  desirable  forage  species  are  often 
seriously  injured  or  killed,  whereas  moderate  grazing 
allows  substantial  increases  in  such  desirables  as  black 
sagebrush  and  winterfat. 

In  addition  to  stocking  rate,  actual  degree  of  use  for  a 
particular  species  is  related  to  palatability  and  abun- 
dance. Even  under  a  moderate  stocking  rate,  use  of  a 
palatable  species  will  be  high  if  it  is  in  short  supply. 
Consequently,  on  a  deteriorated  range  where  a  desirable 
species  is  poorly  represented,  its  recovery  is  especially 
difficult. 

Although  vegetation  response  to  intensity  of  grazing 
is  important,  season  of  grazing  has  a  major  influence  on 
condition  and  trend. 

Desirable  species  are  apparently  damaged  by  late 
winter  grazing,  heavy  use,  or  a  combination  of  the  two. 
However,  such  practices  as  periodic  rest,  rotation  of  use, 
or  adjustments  in  rate  of  stocking  have  allowed  range 
improvement. 

The  "unit"  system  of  grazing  recommended  by 
Hutchings  (1954)  should  be  followed  for  both  sheep  and 
cattle.  This  provides  a  continuing  supply  of  high-quality 
forage  and  at  the  same  time  benefits  the  palatable 
shrubs  by  allowing  regular  periods  of  rest.  This  system 
also  benefits  pronghorn  and  other  wildlife  by  always 
leaving  some  areas  ungrazed  until  the  period  of  new 
plant  growth  in  the  spring. 

Although  merits  of  various  grazing  regimens  under  the 
unit  system  have  not  been  adequately  compared,  several 
combinations  of  rotation,  deferment,  and  rest  all  seem  to 
be  beneficial,  provided  they  allow  periodic  protection 
from  grazing  during  the  critical  spring  season  of  plant 
growth. 

The  percentage  of  current  plant  growth  that  can  be 
removed  by  grazing  without  undue  damage  varies  with 
the  species  and  season  of  harvest.  Use  can  be  heavier  in 
the  cold  part  of  the  winter  than  in  the  spring,  when 
plants  are  coming  out  of  dormancy  and  beginning  to 
grow. 

Stocking  must  be  based  on  species  present  and 
allowable  use.  Average  use  ratings  from  properly  grazed 
ranges,  often  called  proper  use  factors,  serve  as  guides 
(see  table  2).  Stocking  rates  based  on  past  use  records 
also  can  serve  as  guides  to  grazing  capacity. 

Because  of  the  livestock  owners'  difficulty  in  annually 
adjusting  animal  numbers  to  widely  varying  forage 
yields,  and  because  it  is  well  to  have  a  margin  of  safety 
to  avoid  overstocking,  basic  stocking  is  recommended  as 
75  percent  of  the  average  forage— as  distinguished  from 
herbage— yield. 

Because  forage  production  is  closely  related  to 
precipitation  of  the  previous  12  months,  stocking  rate 
can  be  predicted  well  in  advance  of  the  winter  grazing 
season  (see  fig  59). 

In  order  to  achieve  proper  use,  an  effort  must  be  made 
to  obtain  even  distribution  of  livestock  over  the  entire 
allotment. 
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During  the  winter  months,  salt-desert  shrubs  are 
higher  in  protein,  phosphorus,  and  carotene  than 
associated  grasses,  which  are  superior  only  in  energy 
yield.  The  shrub-grass  mixture  is  generally  adequate  for 
supplying  a  balanced  ration  for  livestock.  However, 
evaluation  of  actual  nutritive  content  is  complicated  by 
such  factors  as  soil,  site,  stage  of  growth,  and  degree  of 
weathering. 

Although  animal  performance  is  sometimes  improved 
by  feeding  supplements,  similar  results  can  be  obtained 
from  the  unit  system  of  grazing  where  animals  are  fre- 
quently placed  on  fresh  forage. 

As  a  general  rule,  supplements  should  be  provided 
only  at  times  of  extreme  emergency  such  as  periods  of 
deep  snow  when  forage  is  inaccessible. 
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RESEARCH  SUMMARY 

This  report  describes  a  computer  software  package 
that  can  be  used  to  obtain  climatological  summaries 
of  temperature,  relative  humidity,  windspeed,  and 
precipitation  from  the  National  Fire  Weather  Data 
Library.  Two  types  of  computer  programs  are 
described.  Five  basic  climatology  programs  analyze 
National  Fire  Weather  Data  Library  records  by  10-day 
periods  and  by  month.  Three  averaging  programs 
adjust  results  from  the  climatology  programs  to 
smooth  variances  introduced  either  by  short  periods 
of  record  or  by  scant  or  incomplete  station  data. 

The  programs  are  designed  for  use  in  the  Fort 
Collins  Computer  Center  UNIVAC  1100  series  com- 
puter. The  programs  are  stored  in  the  Forest  Service 
Northern  Region  shared  library  at  Fort  Collins,  Colo. 
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INTRODUCTION 

Local  climate  affects  the  timing  and  conduct  of  many 
wildland  management  activities— for  example,  tree  plant- 
ing, insect  and  disease  control,  road  construction  and 
maintenance,  timber  harvesting,  and  fire  management. 
Similarly,  climatic  parameters  are  important  variables  in 
forest  and  range  research  studies  of  fire  behavior,  smoke 
dispersal,  herbicide  and  pesticide  drift,  tree  survival  and 
growth,  insect  population  dynamics,  plant  phenology, 
wildland  hydrology,  vegetation  classification,  and  other 
topics. 

A  valuable  source  of  climatic  data  for  management 
planning  and  research  studies  in  forested  and  moun- 
tainous regions  is  the  National  Fire  Weather  Data 
Library  (NFWDL)  (Furman  and  Brink  1975).  The 
NFWDL  is  a  collection  of  computerized  historical 
weather  data  from  more  than  800  stations  monitoring 
weather  once  daily  (Haines  1977).  The  library  is  main- 
tained at  the  Forest  Service,  U.S.  Department  of 
Agriculture,  Computer  Center  (FCCC)  at  Fort  Collins, 
Colo.  Information  includes  maximum  and  minimum  daily 
temperature  and  relative  humidity,  dry  and  wet  bulb 
temperature,  windspeed  and  wind  direction,  and  24-hour 
precipitation. 

This  report  describes  a  series  of  cost-efficient  computer 
programs  that  can  help  managers  and  scientists  sum- 
marize data  stored  in  the  NFWDL  for  application  in 
wildland  management  and  research. 

GENERAL  INFORMATION 

The  Programs 

The  climatology  software  package  described  herein 
consists  of  two  types  of  programs:  climatology  programs 
and  averaging  programs. 

Five  basic  climatology  programs  analyze  NFWDL  data 
by  10-day  periods  and  by  month.  These  programs  are 
SUMMARY,  PRECIP1,  PRECIP2,  WINDS,  and 
THREEWAY. 

Three  averaging  programs,  AVERAGE1, 
AVERAGE2,  and  AVERAGE3,  adjust  results  from  the 
climatology  programs  to  smooth  variances  introduced 
either  by  short  periods  of  record  or  by  scant  or  in- 
complete station  data.  The  averaging  programs  use  long- 


term,  complete  data  from  a  nearby  station  to  compute 
comparative  ratios  by  10-day  and  monthly  periods. 
These  ratios  are  weighted  and  applied  to  the  short  or  in- 
complete station  record  to  yield  smoothed  mean  values. 
The  averaging  programs  are  based  on  the  methods 
described  by  Finklin  (1983). 

Location  of  the  Programs 

The  programs  are  designed  for  use  on  the  FCCC 
UNIVAC  1100  series  computer;  may  be  run  in  either 
batch  or  demand  mode  (132-character  terminals  only); 
and  are  stored  in  the  Forest  Service  Northern  Region 
shared  library,  file  CSSG*R1LIB.,  at  the  FCCC. 

Executing  the  Programs 

Program  execution  is  initiated  with  the  @XQT  com- 
mand. The  programs  are  compiled  with  the  level  9R1 
ASCII  FORTRAN  (@FTN)  compiler,  which  contains  all 
the  features  of  FORTRAN  standard  X3.9-1978.  The 
relocatable  elements  are  mapped  into  the  executable  ele- 
ment with  the  level  22R1  ©MAP  processor  at  FCCC. 
The  executable  elements  are: 

CSSG  *  R 1  L  I  B  .  SUMMARY 
CSSG  *  R  1  L  I  B  .  PREC  I  P 1 
CSSG'R1LIB.PRECIP2 
CSSG  *  R 1  L  I  B  . W I  NDS 
CSSG  *  R  1  L  I  B  .  THRE  EWAY 
CSSG  *  R  1  L  I  B  .  AVE  RAGE  1 
CSSG  *  R 1  L  I  B  .  AVERAGE2 
CSSG  *  R 1  L  I  B  .  AVERAGE3 

Users  may  either  enter  the  entire  input  stream  or  use 
the  @ADD  capabilities  of  UNIVAC  to  initiate  job 
streams. 

Creating  a  Data  File 

Instructions  for  obtaining  NFWDL  data  file  for 
analysis  are  detailed  by  Furman  and  Brink  (1975).  A 
summary  of  these  instructions  is  included  as  appendix 
A.  NFWDL  data  retrieval  software  creates  a  data  file 
directly  available  for  analysis  on  the  UNIVAC  1100 
series  computer  at  FCCC. 

A  user  input  stream  is  required  for  each  program  in 
the  climatology  software  package.  The  input  stream 
assigns  the  data  files,  initiates  program  execution,  and 


contains  program  execution  instructions.  The  averaging 
programs  require  no  external  fire  weather  files,  only  a 
user  input  stream. 

Fire  weather  data  is  always  read  from  logical  unit  15. 
User  input  streams  are  read  from  logical  unit  5,  and  pro- 
gram output  is  to  unit  6. 


THE  CLIMATOLOGY  PROGRAMS 
General  Instructions 

DATA  FILE 

Programs  PRECIP1,  PRECIP2,  WINDS,  and 
THREEWAY  use  similar  input  streams.  Program 
SUMMARY  needs  additional  parameters.  All 
climatology  programs  require  a  data  file  from  the 
NFWDL.  Such  a  file  is  designated  "WEATHERFILE" 
in  the  program  execution  examples  contained  in  this 
report.  For  the  purpose  of  these  examples, 
WEATHERFILE  is  assummed  to  be  resident  on  FCCC 
mass  storage.  Refer  to  appendix  A  or  to  Furman  and 
Brink  (1975)  for  instructions  on  how  to  create  a  NFWDL 
data  file. 

MULTIPLE  STATION  ANALYSIS 

The  climatology  programs  allow  analysis  of  data  from 
two  or  more  stations  if  the  sequence  of  analysis  matches 
the  order  that  station  data  occurs  on  the  NFWDL  data 
file.  Simply  sequence  input  records  in  order  of  ascending 
station  number,  for  example,  243001,  243002,  243105, 
243202,  etc. 

MULTIPLE  PROGRAM  EXECUTION 

Two  or  more  climatology  programs  may  be  executed 
under  a  single  @RUN  record.  Signify  the  end  of  a  cur- 
rent input  stream  by  a  @EOF  record  and  follow  with 
another  @XQT  record  and  its  associated  user  input 
stream. 

MULTIPLE  PARAMETERS 

Multiple  parameters  may  be  analyzed  when  using  pro- 
gram SUMMARY.  Simply  include  input  records  to 
specify  the  parameters  to  be  summarized. 

DATA  BASE  COMPOSITION 

Each  climatology  program  displays  data  presence  by 
year  and  by  10-day  period,  thus  the  program  user  sees 
the  extent  of  the  data  base  used  in  the  analysis.  Data 
gaps  are  easily  identified.  This  information  is  important 
for  evaluating  the  reliability  of  climatology  program  out- 
put and  deciding  whether  to  employ  the  averaging  pro- 
grams to  improve  reliability. 

PROGRAM  LIMITATIONS 

Program  THREEWAY  is  the  only  climatology  pro- 
gram that  has  a  limitation  in  its  execution.  Only  5 
months  of  data  can  be  analyzed  in  a  single  pass  with 
Program  THREEWAY.  If  more  than  5  months  of  sta- 
tion data  needs  to  be  analyzed,  simply  prepare  two  (or 
three)  input  records  for  the  station.  Make  sure  all  the 
desired  months  are  entered  on  the  input  records.  The  in- 
put may  be  in  any  order. 


Program  SUMMARY 

FUNCTION 

Program  SUMMARY  generates  one  to  five  different 
climatological  summary  tables  for  any  of  the  following 
weather  elements: 

dry  bulb  temperature  (degrees  F;  observation  time) 
maximum  temperature  (degrees  F;  24-hour  period) 
minimum  temperature  (degrees  F;  24-hour  period) 
mean  daily  temperature  (degrees  F;  max.  plus  min./2) 
relative  humidity  (percent;  observation  time) 
maximum  relative  humidity  (percent;  24-hour  period) 
minimum  relative  humidity  (percent;  24-hour  period) 
mean  daily  relative  humidity  (percent;  max.  plus 
min./2) 

OUTPUT 

The  first  page  of  output  for  each  station  analyzed  con- 
tains an  input  record  image  and  data  count  by  years  and 
10-day  periods  (exhibit  1).  Climatological  summaries  are 
printed  in  table  form.  Five  table  formats  are  available 
from  program  SUMMARY,  each  stratified  by  10-day 
period  and  by  month.  A  single  page  of  output  is  pro- 
duced for  each  table  format  selected  (per  weather  ele- 
ment per  station). 

The  tables  produced  and  their  formats  are: 
Table  1  (exhibit  2) 
Mean,  standard  deviation,  median,  highest  period 
average  and  year  of  occurrence,  lowest  period  average 
and  year  of  occurrence,  period  high  and  low  values  and 
the  years  they  occurred,  and  the  mean,  standard  devia- 
tion, and  median  value  for  period  high  and  low  values 
for  their  respective  years  of  occurrence. 
Table  2  (exhibit  3) 
Frequency  distributions  (percentage)  of  daily  values  in 
selected  class  intervals. 
Table  3  (exhibit  4) 
Frequency  distributions  (percentage  of  period  max- 
imum values  in  selected  class  intervals. 
Table  4  (exhibit  5) 
Frequency  distributions  (percentage)  of  period 
minimum  values  in  selected  class  intervals. 
Table  5  (exhibit  6) 
Number  of  days  selected  benchmark  values  are 
surpassed. 
Users  may  specify  the  minimum  number  (from  1  to  10) 
of  weather  observations  per  10-day  period  to  allow  the 
period  to  be  included  in  the  analysis.  The  default 
minimum  is  6  days  per  10-  (or  11-)  day  period.  That  is, 
at  most,  four  observations  may  be  missing  in  a  10-day 
(five  in  an  11-day)  period.  If  more  observations  are  miss- 
ing, the  period  is  rejected  from  the  sample. 

For  the  lowest  and  highest  period  average  and  year  of 
occurrence,  if  the  average  is  based  on  a  period  with 
missing  days  (at  least  the  minimum  number  as  described 
above,  but  less  than  10  [or  11]),  the  period  is  flagged 
with  an  "M". 


INPUT 

One  input  record  is  required  for  each  weather  element 
for  each  weather  station.  Input  formats  for  program 
SUMMARY  are  specified  in  exhibit  7. 

EXECUTION 

The  following  FCCC  runstream  will  produce  the  output 
exemplified  in  exhibits  1  through  6  (see  exhibit  7  for  pro- 
per column  assignment  of  input  in  item  6  below): 

@RUN,P  RUNID, ACCOUNT, QUALIFIER, 60, 1000 

@ASG,A  WEATHERFILE. 

@USE  15., WEATHERFILE. 

@ASG  ,  A  CSSG  *  R 1  L  I  B  . 

@XQT  CSSG * R 1 L I B . SUMMARY 

DRY  BULB  TEMPERATURE       240217HUNGRY  HORSE  R  S 

@EOF 

@F  I  N 

COST 

Program  SUMMARY  costs  about  15  cents  to  run  for 
one  weather  element  for  one  station.  This  estimate  is 
based  on  analysis  of  a  station  with  1,900  observation 
days  run  on  an  overnight  priority  (priority  P). 


3  2  2  5 


12345051158103182 


IMAGE  OF  INPUT  RECORD 
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DRY  BULB  TEMPERATURE 
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Exhibit  1.— Sample  first  page  output  from  program  SUMMARY.  This  page  shows  image  of 
input  record  and  a  data  count.  Input  record  reflects  a  request  for  a  summary  of  dry  bulb 
temperature  using  table  formats  1,  2,  3,  4,  and  5  for  NFWDL  data  from  Hungry  Horse 
Ranger  Station,  Mont.,  for  the  period  5/11/58  through  10/31/82.  Data  count  indicates  that 
1982  data  have  not  been  incorporated  into  NFWDL. 
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Exhibit  2.— Sample  program  SUMMARY  output  showing  dry  bulb  temperature  summarized 
according  to  table  1  format:  means,  standard  deviations  and  extremes.  Data  are  from 
Hungry  Horse  Ranger  Station,  Mont.,  for  the  period  1958-81. 
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Exhibit  3.— Sample  program  SUMMARY  output  showing  dry  bulb  temperature  summarized 
according  to  table  2  format:  frequency  distribution  of  daily  values.  Data  are  from  Hungry 
Horse  Ranger  Station,  Mont.,  for  the  period  1958-81. 
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Exhibit  4.— Sample  program  SUMMARY  output  showing  dry  bulb  temperature  summarized 
according  to  table  3  format:  frequency  distribution  of  period  maximums.  Data  are  from 
Hungry  Horse  Ranger  Station,  Mont.,  for  the  period  1958-81. 
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Exhibit  5.— Sample  program  SUMMARY  output  showing  dry  bulb  temperature  summarized 
according  to  table  4  format:  frequency  distribution  of  period  minimums.  Data  are  from  Hungry 


Horse  Ranger  Station,  Mont.,  for  the  period  1958-81. 
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Exhibit  6.— Sample  program  SUMMARY  output  showing  dry  bulb  temperature  summarized 
according  to  table  5  format:  number  of  days  selected  values  were  surpassed.  Data  are 
from  Hungry  Horse  Ranger  Station,  Mont.,  for  the  period  1958-81. 
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7  2 

73 

74 

7  5 

76 

77 

78 

79 

80 

8  1 

MAY 

21 

56 

57 

5a 

59 

eO 

61 

62 

63 

6  4 

65 

66 

67 

68 

69 

70 

71 

72 

T3 

74 

75 

76 

77 

78 

79 

8n 

81 

JUN 

1 

54 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

b7 

69 

69 

70 

71 

72 

7' 

74 

7  5 

76 

77 

78 

79 

81 

81 

JUN 

11 

54 

5^ 

56 

57 

58 

59 

60 

61 

62 

6  7 

64 

65 

6b 

67 

68 

b=5 

70 

71 

72 

77 

74 

7  5 

7b 

77 

78 

79 

8n 

81 

JUN 

21 

5M 

55 

56 

57 

58 

59 

60 

el 

62 

63 

64 

65 

66 

67 

68 

69 

7  0 

"1 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

JUL 

1 

5"* 

55 

56 

57 

58 

59 

60 

61 

6  2 

63 

64 

65 

6  b 

67 

68 

69 

7'1 

71 

72 

73 

74 

75 

7b 

77 

78 

71 

8  0 

Bl 

JUL 

11 

54 

5  b 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

Ob 

67 

66 

69 

70 

71 

72 

73 

74 

75 

7b 

77 

78 

7^ 

BO 

81 

JUL 

21 

54 

6C 

56 

57 

58 

59 

6n 

61 

6? 

63 

64 

65 

bb 

67 

68 

69 

70 

71 

72 

77 

74 

75 

76 

77 

7H 

79 

80 

81 

AUG 

1 

54 

5  5 

56 

57 

58 

5  9 

60 

62 

63 

64 

65 

66 

67 

68 

69 

7:: 

71 

72 

77 

74 

75 

7  b 

77 

78 

79 

80 

81 

AUG 

11 

54 

5C 

56 

57 

58 

59 

60 

(-2 

6  3 

64 

65 

66 

67 

68 

69 

7n 

71 

72 

7  3 

74 

75 

76 

77 

78 

79 

80 

81 

AUG 

21 

54 

55 

cb 

57 

5  a 

59 

60 

6  2 

63 

64 

65 

6b 

67 

6  a 

69 

70 

71 

7  2 

73 

74 

7s 

7b 

77 

78 

7  9 

80 

81 

SEP 

1 

54 

55 

56 

57 

58 

59 

60 

6? 

63 

64 

65 

66 

b7 

68 

69 

70 

71 

72 

7  3 

74 

75 

7b 

77 

78 

7" 

80 

81 

SEP 

11 

54 

55 

56 

57 

58 

59 

60 

62 

63 

6S 

66 

66 

67 

68 

b9 

70 

71 

72 

73 

74 

7' 

76 

77 

IP 

79 

80 

81 

SEP 

21 

54 

56 

57 

58 

59 

60 

62 

67 

64 

65 

66 

67 

6  8 

69 

70 

71 

72 

77 

74 

76 

76 

77 

78 

7q 

80 

81 

OCT 

1 

56 

57 

58 

60 

62 

63 

6  4 

65 

66 

b7 

68 

69 

7n 

78 

T+ 

TOTAL    NUl\ 
YtARS 


24 
2b 
»7 
28 
?■" 
28 
26 
28 
27 
27 
27 
27 
27 
26 
15 


Exhibit  8.— Sample  first  page  output  from  program  PRECIP1.  This  page  shows  image  of 
input  record  and  a  data  count.  Input  record  reflects  a  request  for  PRECIP1  summaries  for 
NFWDL  data  from  Fort  Howes  Ranger  Station,  Mont.,  for  the  period  5/11/54  through 
10/11/82.  Data  count  indicates  that  1982  data  are  not  yet  incorporated  into  NFWDL. 


TABLE-XVI> 


STATION  NUMBER   245201 


PERIOD 
BEGINS 


MAY  11 

MAY  21 
JUN 
JUN 

JUN  21 

JUL  1 

JUL  11 

1  JUL  21 
AUG 

Aug 


1 
11 


1 
11 


AUG  21 

SEP  1 

SEP  11 

SEP  21 

OCT  1 


236 
263 
270 
269 
264 
274 
272 
300 
261 
263 
289 
258 
259 
238 
132 


PRECIPITATION    -    PERCENT  FREQUENCY  OF  DAILY  AMOUNTS   (INCHES) 
GIVEN  TO  NEAREST  TENTH  PERCENT,  OECIMAL  POINT  OMITTED 
FORT  HOWES  R.S. 


TOTAL 

NUM. 

DAYS     TR 


25 
38 
26 
19 

4 
33 

29 
17 
23 
1Q 
14 

8 
23 

8 
15 


.01 

301 
388 
407 
394 
284 
186 
239 
247 
153 
224 
211 
155 
220 
185 
159 


.05 

242 
304 
333 
301 
212 
128 
173 
170 
107 
144 
152 
123 
170 
134 
106 


.10 

195 
259 
256 
268 
155 

84 
107 
113 

77 
110 
118 

81 
135 
101 

76 


AMOUNT  EQUAL  TO  OR  GREATER  THAN 
.20       .30       .40       .50       .60 


136 

186 

144 

171 

1U2 

47 

77 

60 

5U 

bl 

76 

47 

73 

59 

4b 


97 
125 

96 
119 

76 
29 
55 
40 
31 
27 
55 
39 
62 
34 
23 


76 

106 

89 

100 

49 

18 

40 

3  0 

19 

19 

45 

23 

42 

8 

8 


64 
84 

70 

(.3 
3  0 
15 
26 
20 
15 
8 
75 
19 
71 


78 
57 
52 
56 
15 
11 
18 
17 


28 
19 

27 
4 


80 

1.00 

25 

13 

23 

8 

30 

22 

37 

19 

8 

4 

7 

7 

4 

3 

4 

8 

14 

10 

16 

4 

2  3 

15 

1.50 

8 
8 
4 

7 


2.00 


1954-1981 


3.00 


MONTH 


JUN 

803 

16 

362 

283 

227 

139 

f? 

80 

55 

41 

25 

15 

4 

JUL 

846 

26 

225 

157 

102 

61 

41 

30 

20 

15 

5 

2 

2 

AUG 

813 

18 

197 

135 

102 

63 

3  8 

2  8 

2  0 

15 

9 

4 

1 

SEP 

755 

13 

187 

144 

106 

60 

45 

2<5 

2  0 

17 

13 

7 

4 

Exhibit  9.— Sample  program  PRECIP1  summary  of  precipitation  according  to  table  1 
format:  percentage  frequency  distribution  of  daily  amounts.  Data  are  from  Fort  Howes 
Ranger  Station,  Mont.,  for  the  period  1954-81. 


TABLE-XVI  A> 


STATION  NUMBER   245201 


PRECIPITATION    -    PERCENT  FREQUENCY  OF  PERIOO  TOTALS   (INCHES) 
GIVEN  TO  NEAREST  TENTH  PERCENT,  DECIMAL  POINT  OMITTED 
FORT  HOWES  R.S. 


TOTAL 

PERIOC 

NUM. 

AMOUNT  EQUAL 

TO  OR 

GREATER 

THAN 

BEGINS 

YEARS 

jy 

.01 

.05 

.10 

.20 

.30 

.40 

.50 

.60 

.80 

1.00 

1.50 

2.00 

MAY 

1  1 

24 

833 

833 

833 

792 

667 

625 

583 

417 

375 

375 

167 

83 

MAY 

21 

26 

y&2 

962 

923 

923 

885 

769 

769 

731 

615 

500 

192 

154 

JUN 

27 

^7 

963 

889 

852 

852 

778 

778 

667 

667 

630 

556 

296 

74 

JUN 

li 

2B 

964 

929 

929 

893 

857 

821 

821 

714 

607 

464 

250 

179 

JUN 

21 

28 

893 

857 

786 

643 

607 

464 

357 

357 

250 

179 

71 

36 

JUL 

28 

821 

786 

679 

464 

321 

214 

214 

143 

143 

71 

71 

36 

JUL 

11 

28 

^h 

857 

750 

7m 

571 

536 

464 

321 

250 

179 

107 

JUL 

21 

28 

857 

621 

821 

536 

"*29 

321 

214 

179 

143 

107 

36 

36 

AUG 

27 

111 

778 

630 

519 

4U7 

333 

259 

259 

185 

74 

37 

AUG 

11 

27 

889 

778 

630 

444 

333 

333 

259 

185 

148 

111 

Aug 

21 

27 

y* 

852 

815 

741 

593 

519 

444 

407 

259 

185 

111 

111 

74 

SEP 

27 

37 

7H1 

630 

519 

370 

333 

259 

222 

222 

185 

111 

74 

37 

SEP 

11 

27 

111 

778 

667 

630 

519 

444 

370 

296 

259 

185 

111 

111 

111 

SEP 

21 

26 

923 

769 

654 

500 

423 

192 

115 

38 

38 

38 

OCT 

15 

A7 

733 

600 

600 

467 

333 

133 

MONTH 


1954-191 


42 


36 


37 


JUN 

28 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

964 

929 

786 

643 

357 

JUL 

28 

1000 

1000 

964 

857 

857 

821 

786 

679 

500 

464 

321 

214 

36 

AUG 

27 

1000 

963 

926 

926 

889 

852 

741 

630 

444 

370 

222 

185 

74 

SEP 

:•-> 

37 

963 

963 

926 

852 

741 

704 

667 

630 

556 

461 

296 

185 

111 

Exhibit  10.— Sample  program  PRECIP1  summary  of  precipitation  according  to  table  2 
format:  percentage  frequency  distribution  of  period  totals.  Data  are  from  Fort  Howes  Ranger 
Station,  Mont.,  for  the  period  1954-81. 
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Symbol   *Function 

PROGRAM  NAME 
PRECIP1/PRECIP2/WINDS/THREEWAY1 

INPUT  RECORD  AND 
COLUMN  ASSIGNMENT 

D 
P 
S 
V 
L 

Duplicate 

Punch 

Skip 

Verify 

Left  justify 

PROGRAM  NUMBER 

DATE 
8/1/79 

SOURCE  DOCUMENT  RECORD  FORM  USE 

PREPARED  BY 
Larry  Bradshaw 

PAGE 
1   of   1 

COLUMNS 

NO. 
COLS. 

FUNC. 
* 

RECORD  FIELD 

FROM 

TO 

REMARKS 

Blank  field 

1 

5 

5 

S 

Leave  blank 

Station  number 

6 

11 

6 

P 

AFFIRMS  Station  Number  (16) 

Station  name 

12 

31 

20 

P 

Punch  station  name  up  to  20 
characters  -  Format  (5A4) 

Station  elevation 

32 

41 

10 

P 

Format  (F10.0)  decimal  punched 
unless  right  justified 

Date  to  begin  analysis 

42 

45 

4 

P 

Enter  month  and  day  (MMDD) 

Year  to  begin  analysis 

46 

47 

2 

P 

Enter  year  (YY) 

Date  to  end  analysis 

48 

51 

4 

P 

Enter  month  and  day  (MMDD) 

Year  to  end  analysis 

52 

53 

2 

P 

Enter  year  (YY) 

Output  specif icationz 

55 

55 

1 

P 

0  =  10-day  &  monthly  (default) 

1  =  monthly  only 

Minimum  days/ 10-day 6 

57 

58 

2 

P 

Right  justify,  08  is  default 
may  be  blank 

1  The  same  input  record  may  be  used  for  all  four  programs, 
are  read. 

2  For  WINDS  and  THREEWAY  only. 

3  For  PRECIP2  only. 


Only  the  needed  fields 


Exhibit  11.— Input  format  specifications  for  programs  PRECIP1,  PRECIP2,  WINDS,  and 
THREEWAY. 
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Program  PRECIP2 

FUNCTION 

Program  PRECIP2  summarizes  and  displays  average 
and  extreme  daily,  10-day  period,  and  monthly 
precipitation. 

OUTPUT 

Output  from  program  PRECIP2  consists  of  the  one- 
page  input  record  image  and  data  count  for  each  station 
analyzed  (exhibit  12)  and  a  one-page  summary  table  con- 
taining the  following  information  for  each  station  ana- 
lyzed (exhibit  13): 

mean  period  precipitation  (and  standard  deviation) 

median  period  precipitation 

highest  period  precipitation  and  year  of  occurrence 

lowest  period  precipitation  and  year  of  occurrence 

average  daily  maximum  precipitation  (and  standard 
deviation) 

median  daily  precipitation 

highest  daily  precipitation  and  year  of  occurrence 
Users  may  specify  the  minimum  number  (from  1  to  10) 
of  weather  observations  per  10-  (or  11-)  day  period  to 
allow  the  period  to  be  included  in  the  analysis.  The 
default  minimum  is  8  days  per  10-  (or  11-)  day  period. 

For  the  lowest  and  highest  period  totals  and  year  of 
occurrence,  if  the  period  is  less  than  complete  (at  least 
the  minimum,  but  less  than  10  [or  11]),  the  period  is 
flagged  with  an  "M". 

INPUT 

Input  requirements  for  program  PRECIP2  are  as 
described  for  program  PRECIP1  (exhibit  11). 

EXECUTION 

The  following  FCCC  control  stream  will  generate  the 
output  displayed  in  exhibits  12  and  13  using  the  weather 
file  "WEATHERFILE"  (see  exhibit  11  for  proper  col- 
umn assignment  of  input  in  item  6  below): 

@RUN,P  RUNID,  ACCOUNT,  QUALIFIER,  60,  1000 

@ASG,A  WEATHERFILE. 

@USE  15., WEATHERFILE. 

@ASG  ,  A  CSSG  *  R 1  L  I  B  . 

@XQT  CSSG'R1LIB.PRECIP2 

101033RIGGINS  R.S.  1840.        051154101182 

@EOF 
@F  I  N 

COST 

A  overnight  run  (priority  P)  of  program  PRECIP2  for 
a  1,900-  observation-day  station  will  cost  about  15  cents. 
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image:  of  input  record 
number         name 
101033  riggins  r.s. 


ELEVATION     BEGIN     END      MIN  DAYS 
1640.        51154    101182  8 


PROGRAM   PRECIP2 


PEKIOP 

BEGINS 


DATA  COUNT  BY  YEARS  ANO  10-OAY  PERIODS 
YEARS  HAVING  DATA  FOR  EACH  PERIOD 


MAY 

11 

61 

62 

63 

64 

65 

66 

t,  7 

6  6 

69 

70 

71 

7? 

7? 

7H 

7  5 

76 

77 

76 

79 

60 

81 

MAY 

21 

61 

62 

63 

64 

65 

66 

b7 

66 

6=5 

70 

"1 

7? 

7b 

74 

76 

7fa 

77 

IP 

79 

80 

81 

JUN 

54 

55 

57 

58 

59 

60 

hi 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

7? 

74 

75 

76 

77 

78 

7=1 

80 

61 

JUN 

11 

54 

55 

56 

S7 

58 

64 

60 

61 

62 

6J 

64 

fa5 

66 

67 

66 

69 

7n 

71 

72 

7^ 

74 

7  5 

76 

77 

76 

74 

80 

61 

JUN 

21 

54 

55 

56 

57 

58 

6r- 

60 

61 

b? 

63 

64 

fa5 

66 

67 

6S 

69 

70 

71 

7? 

73 

74 

75 

7  fa 

77 

78 

79 

60 

81 

JUL 

54 

55 

56 

57 

58 

5  9 

60 

61 

62 

63 

64 

65 

66 

67 

68 

b.  => 

70 

71 

7? 

73 

74 

76 

7fa 

77 

76 

79 

6  0 

61 

JUL 

11 

54 

55 

56 

57 

56 

64 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

7  b 

7  4 

7  6 

76 

77 

76 

79 

6  0 

61 

JUL 

21 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

6  4 

65 

66 

b7 

68 

69 

7  0 

71 

7? 

73 

74 

75 

7  fa 

77 

76 

79 

6  0 

61 

Aug 

54 

55 

56 

57 

58 

5^ 

60 

61 

62 

63 

6<4 

bS 

66 

b7 

6  P. 

6  9 

70 

71 

7?' 

73 

74 

75 

7  h 

77 

IP 

79 

80 

61 

AUG 

11 

54 

55 

56 

57 

58 

69 

60 

61 

6? 

fab 

64 

66 

66 

67 

68 

69 

7  0 

71 

7? 

7b 

74 

7  6 

7fa 

77 

78 

7^ 

60 

61 

AUG 

21 

54 

55 

56 

57 

56 

59 

60 

61 

62 

63 

64 

65 

66 

67 

6  6 

fa9 

70 

71 

72 

73 

74 

7^ 

76 

77 

78 

7  4 

80 

81 

SEP 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

66 

66 

67 

68 

69 

70 

71 

7? 

7^ 

7  4 

75 

7fa 

77 

76 

79 

80 

81 

SEP 

1  1 

54 

55 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

74 

7  fa 

76 

77 

76 

74 

80 

61 

SEP 

21 

54 

55 

57 

58 

59 

60 

61 

62 

63 

hi 

65 

66 

67 

68 

6  9 

70 

71 

7? 

74 

75 

76 

77 

76 

79 

6  0 

61 

OCT 

54 

59 

60 

62 

63 

bt 

65 

66 

69 

70 

7? 

7  6 

7A 

76 

79 

60 

61 

21 
21 
27 
28 
28 
28 
28 
28 
28 
28 
3  8 
28 
26 
26 
1  I 


Exhibit  12.— Sample  first-page  output  from  program  PRECIP2.  This- page  shows  image  of 
input  record  and  a  data  count.  Input  record  reflects  a  request  for  PRECIP2  summary  for 
NFWDL  data  from  Riggins  Ranger  Station,  Idaho,  for  the  period  5/11/54  through  10/11/82. 
Data  count  indicates  that  1982  data  are  not  yet  incorporated  into  NFWDL. 


PRECIPITATION 
STATION    NUMBER       101033  RIGGINS    R.S. 


BY  10  IOR  111-DAY  AND  MONTHLY  PERIODS 
YRS  1954-1981 


10-DAY 

AND  MONTHLY  TOTALS 

I 

MAXIMUM  DAILY  TOTALS 

PERIOC 

NO. 

MEAN 

STD. 

HIGHEST 

LOWEST 

I 

EXTREME 

AVE 

STD 

BEGINS 

YRS 

TOTAL 

DEV 

MEDIAN 

TOT, 

i-P 

TOT. 

T4 

I 
I 
I 

YR 

MAX 

DEV   MEDIAN 

HAY 

11 

21 

.431 

.447 

.260 

1.67 

69 

.00 

79 

.85 

64 

.208 

.210 

.150 

HAY 

21 

21 

.670 

.514 

.610 

2.12 

70 

.04 

fafa 

I 

1.51 

70 

.401 

.336 

.390 

JUN 

27 

.826 

.664 

.760 

2.26 

64 

.00 

73 

I 

1.23 

5  4 

.449 

.337 

.460 

JUN 

11 

26 

.600 

.531 

.325 

1.79 

65 

.00 

59 

I 

1.00 

56 

.302 

.226 

.280 

JUN 

21 

27 

.467 

.528 

.310 

1.98 

80 

.00 

81 

I 

1.10 

56 

.255 

.295 

.190 

JUL 

28 

.369 

,658 

.135 

3.01 

78 

.00 

76 

I 

2.40 

78 

.277 

.507 

.125 

JUL 

1  1 

28 

.276 

.353 

.120 

1.24 

75 

.00 

79 

I 

.70 

74 

.191 

.213 

.115 

JUL 

21 

28 

.197 

.218 

.140 

.82 

77 

.00 

74 

I 

.38 

64 

.132 

.124 

.135 

AUG 

28 

.217 

.360 

.015 

1.24 

60 

.00 

81 

I 

1.24 

60 

.147 

.261 

.015 

AUG 

11 

28 

.319 

.476 

.105 

1.93 

78 

.00 

77 

I 

.81 

76 

.177 

.237 

.075 

AUG 

21 

28 

.424 

.478 

.220 

1.77 

56 

.00 

74 

I 

1.00 

56 

.227 

.266 

.180 

SEP 

28 

.229 

.367 

.100 

1.71 

70 

.00 

77 

I 

.94 

70 

.156 

.214 

.085 

SEP 

1) 

26 

.583 

.562 

.455 

1.95 

80 

.00 

74 

I 

.96 

55 

.327 

.279 

.285 

SEP 

21 

24 

.385 

.563 

.150 

2.17 

64 

.00 

7b 

I 

.95 

59 

.235 

.286 

.135 

OCT 

15 

.519 

.646 

.170 

2.10 

62 

.00 

B0 
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Exhibit  13.— Sample  program  PRECIP2  summary  of  precipitation, 
means,  medians,  and  extremes  for  Riggins  Ranger  Station,  Idaho, 
during  the  period  1954-81. 
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Program  WINDS 

FUNCTION 

Program  WINDS  computes  and  displays  the  percen- 
tage frequency  of  co-occurrence  of  windspeed  with  wind 
direction  in  selected  class  intervals  both  by  10-day 
period  and  by  month. 

OUTPUT 

Program  WINDS  output  consists  of  a  one-page  input 
image  and  data  count  for  each  station  analyzed  (exhibit 
14),  one  page  of  co-occurrence  tables  for  every  six  10-day 
periods  analyzed  per  station  (exhibit  15),  and  one  page  of 
co-occurrence  tables  for  every  6  months  of  data  analyzed 
(exhibit  16)  per  station.  The  user  can  suppress  the  print- 
ing of  the  10-day  period  tables  if  only  the  monthly 
tables  each  station  to  be  analyzed.  Input  format  speci- 
fications are  similar  to  those  for  programs  PRECIP1 
and  PRECIP2  (exhibit  11). 

EXECUTION 

The  following  control  stream  will  generate  the  output 
exemplified  in  exhibits  14,  15,  and  16  (see  exhibit  11  for 
proper  column  assignment  of  input  in  item  6  below): 

@RUN,P  RUNID,  ACCOUNT,  QUALIFIER,  60,  1000 
@ASG , A  WEATHERFILE. 
@USE  1  5  .,,  WEATHERF  I  LE  . 
@ASG  ,  A  CSSG  *  R 1  L  I  B  . 
@XQT  CSSG  *  R 1  L  I  B  . WINDS 

241509UNION  PEAK  LO  6800.        070161083182 

@EOF 
@F  I  N 

COST 

Program  WINDS  will  cost  about  10  cents  for  an  over- 
night run  (priority  P).  This  estimate  is  based  on  analysis 
of  a  1,900-  observation-day  station. 
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Exhibit  14.— Sample  first  page  output  from  program  WINDS.  This  page  shows  image  of  in- 
put record  and  a  data  count.  Input  record  reflects  a  request  for  WINDS  summary  for 
NFWDL  data  from  Union  Peak  Lookout  Station,  Mont.,  for  the  period  7/1/61  through 
8/31/82.  Data  count  indicates  that  records  for  1971,  1972,  1975,  1976,  1977,  and  1982  are 
not  available  from  the  NFWDL. 
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WIND    SPEED   -   DIRECTION 
PERCENTAGE  FREQUENCY  OF  OCCURRENCE  BY  DIRECTION  FOR  SELECTED  SPEED  INCREMENTS 
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Exhibit  15.— Sample  program  WINDS  table  of  co-occurrence  of  windspeed  and  direction 
by  10-day  period  for  Union  Peak  Lookout  Station,  Mont.,  for  the  period  1961-81. 


WIND    SPEED   -   DIRECTION 
PERCENTAGE  FREQUENCY  OF  OCCURRENCE  BY  DIRECTION  FOR  SELECTED  SPEED  INCREMENTS 
-GIVEN  TO  TENTHS  PERCENT,  DECIMAL  POINT  OMITTED 
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Program  THREEWAY 

FUNCTION 

Program  THREEWAY  computes  and  displays  the 
percentage  frequency  of  co-occurrence  of  selected  class 
values  of  dry  bulb  temperature,  relative  humidity,  and 
windspeed. 

OUTPUT 

Program  THREEWAY  produces,  for  each  station 
analyzed,  one  page  consisting  of  the  input  image  and 
data  count  (exhibit  17)  and  four  pages  of  co-occurrence 
tables  per  month.  The  program  also  produces  one  page 
for  each  10-day  period  (exhibit  18)  and  a  one-page 
monthly  summary  (exhibit  19).  The  user  can  suppress 
the  printing  of  the  10-day  period  tables  if  only  the  mon- 
thly tables  are  desired. 

LIMITATIONS 

Only  5  months  can  be  analyzed  at  a  time.  For  stations 
with  more  than  5  months  data,  the  input  stream  must 
have  two  identical  input  records;  except  that  the  first 
record  must  include  beginning  and  ending  dates  for  the 
first  5  months,  and  the  second  record  the  dates  for  the 
next  5  months.  A  third  record  will  be  needed  if  a  full 
year's  data  is  to  be  analyzed. 

INPUT 

Prepare  one  input  record  per  station  per  each  5 
months  included  in  the  analysis.  Input  requirements  are 
the  same  as  for  programs  PRECIP1,  PRECIP2,  and 
WINDS  (exhibit  11). 

EXECUTION 

The  following  FCCC  runstream  will  cause 
THREEWAY  to  produce  the  output  indicated  in  exhibit 
17  and  illustrated  by  exhibits  18  and  19  (see  exhibit  11 
for  proper  column  assignment  of  input  in  item  6  below): 

@RUN,P  RUNID,  ACCOUNT,  QUALIFIER,  60,  1000 

@ASG,A  WEATHERFILE. 

@USE  15., WEATHERFILE. 

@ASG  ,  A  CSSG  *  R  1  L  I  B  . 

@XQT  CSSG  '  R 1  L  I  B  .  THREEWAY 

241902HELENA  SERVICE  SITE  3852.        051162093082 
@EOF 
@F  I  N 

COST 

It  costs  about  30  cents  to  run  program  THREEWAY 
on  an  overnight  priority  (priority  P)  for  a  1,900- 
observation-day  station.  This  estimate  is  for  analysis  of 
5  months  of  data. 
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Exhibit  17.— Sample  first  page  output  from  program  THREEWAY.  This  page  shows  image 
of  input  record  and  a  data  count.  Input  record  reflects  a  request  for  THREEWAY  summary 
for  NFWDL  data  from  Helena  Service  Site  Station,  Mont.,  for  the  period  5/11/62  through 
9/30/82.  Data  count  indicates  a  near  complete  data  set  except  for  initial  10-day  periods  in 
1962  and  unavailability  of  1982  data. 
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21 

1  1 

5 

1 1 

5 

5 

5 

50-54 

5 

5 

5 

11 

5 

11 

11 

45-49 

5 

5 

5 

40-44 

35-39 

30-34 

<30 

TOTAL 

11 

16 

16 

21 

11 

16 

5 

16 

95 

101 

85 

48 

16 

5 

21 

42 

74   53 

16 

26 

26 

16 

11 

NUMBER 

0 

2 

3 

3 

4 

2 

0 

3 

1 

0 

0 

3 

la 

19 

16 

9 

3 

1 

4 

0 

0 

a 

14   10 

3 

5 

5 

3 

a 

WIND  SPEED 

15- 

19  MPH 

WIND 

SPEED  GREATER/EQUAL 

20 

MPH 

TOTAL 

NUMBER 

<100 

0 

95-99 

0 

90-94 

5 

5 

1 

85-89 

5 

5 

37 

7 

30-84 

21 

90 

17 

75-79 

16 

5 

5 

111 

21 

70-74 

16 

16 

11 

164 

",  1 

65-69 

5 

16 

11 

5 

5 

185 

35 

60-64 

5 

11 

1  1 

lb 

5 

206 

39 

55-59 

5 

11 

5 

5 

5 

106 

20 

50-54 

5 

5 

5 

5 

74 

14 

45-49 

5 

21 

4 

40-44 

0 

35-39 

0 

30-34 

0 

<?0 

0 

TOTAL 

26 

53 

42 

26 

16 

5 

32 

26 

11 

5 

5 

5 

1000 

NUMBER 

0 

5 

10 

8 

5 

3 

1 

0 

0 

0 

0 

0 

6 

5 

2 

1 

1 

0 

1 

0 

189 

Exhibit  18.— Sample  program  THREEWAY  table  of  co-occurrence  of  temperature,  relative 
humidity,  and  windspeed  for  10-day  period  June  1-10  for  Helena  Service  Site  Station, 
Mont.,  for  the  period  1962-81.  A  similar  table  is  produced  for  each  10-day  period  included 
in  the  analysis. 
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-GIVEN    TO    TENTHS    PERCENT! 


STATION    NUMBER       241902 


:mperature      -      RELATIVE         HUMIDITY      -      WINDS 
PERCENTAGE    FREQUENCY    OF    OCCURRENCE    FOR    SELECTED    COMBINATIONS 
DECIMAL    POINT    OMITTED 

HELENA    SERVICE    SITE 


1962-19«1 


WIND  SPEED 

0- 

4  MPH 

WIND  SPEEL 

5- 

9  MPH 

WIND  SPEEO 

10- 

14  MPH 

RELATIVE 

HUMIDITY 

RELATIVE 

HUMIDITY 

RELATIVE 

HUMIDITY 

1 

1 1 

21 

31 

41 

51 

61 

71 

81 

91 

1 

11 

21 

51 

41 

51 

61 

71 

81 

91 

1   11 

21   31 

41 

51 

61 

71 

81 

TEMP. 

T  "J 

TC 

TO 

TO 

TO 

TO 

T 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO   TO 

TO   TO 

TO 

TO 

TO 

TO 

TO 

IE  ;  F 

IN 

20 

30 

40 

Si) 

60 

70 

80 

90 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

10   20 

30   40 

50 

60 

70 

80 

90 

<100 

95-99 

9U-94 

3 

2 

5 

J5-BQ 

2 

2 

7 

in 

9 

10 

80-84 

2 

3 

12 

22 

17 

2 

16 

3    3 

7^-7  a 

2 

3 

7 

2 

24 

22 

9 

2 

7 

29   14 

70-74 

3 

3 

' 

2 

2 

24 

21 

19 

7 

2 

10   10 

5 

3 

65-b9 

5 

7 

3 

2 

9 

22 

19 

16 

2 

2 

3 

10   14 

7 

9 

60-64 

2 

! 

3 

5 

7 

17 

10 

2 

9   14 

7 

9 

3 

5 

55-59 

2 

3 

3 

2 

2 

2 

10 

5 

3 

3 

2 

3 

5 

9 

3 

2 

50-54 

3 

2 

2 

2 

2 

9 

2 

12 

2 

7 

45-49 

2 

2 

3 

2 

3 

5 

40-44 

2 

55-39 

30-34 

2 

<30 

TOTAL 

3 

14 

17 

16 

14 

7 

7 

3 

26 

93 

92 

76 

36 

9 

10 

14 

7 

42 

74   55 

24 

26 

28 

16 

9 

NUMBER 

I] 

2 

e 

1 

e> 

a 

4 

4 

2 

0 

0 

15 

54 

53 

44 

21 

5 

6 

8 

4 

0   24 

43   32 

14 

15 

lb 

9 

5 

WIND  SPEED 

15- 

19  MPH 

WIND 

SPEED  GREATER/EQUAL 

20 

MPH 

TOTAL 

NUMBER 

<100 

0 

95-99 

0 

90-94 

7 

17 

10 

B5-89 

5 

2 

3 

t     50 

29 

00-84 

14 

14 

10 

119 

69 

75-79 

7 

21 

3 

3 

9 

3 

2 

[    170 

98 

70-74 

3 

9 

1 

3 

3 

5 

t    151 

87 

b5-b? 

3 

14 

12 

7 

? 

3 

2 

2 

2 

[    176 

102 

60-64 

5 

5 

5 

5 

2 

9 

3 

3 

2 

[    137 

79 

55-59 

2 

3 

5 

2 

3 

2 

5 

5 

[     68 

51 

50-54 

2 

5 

3 

2 

2 

3 

2 

2 

2 

2 

[     66 

38 

45-49 

2 

2 

[     21 

12 

40-44 

2 

[      3 

2 

35-39 

0 

30-34 

2 

1 

<30 

0 

TOTAL 

40 

66 

36 

22 

14 

9 

3 

3 

22 

26 

17 

14 

5 

2 

2 

r  iooo 

NUMBER 

0 

23 

30 

21 

13 

fl 

5 

2 

2 

0 

[    0 

13 

15 

10 

8 

3 

1 

0 

1 

0 

578 

Exhibit  19.— Sample  program  THREEWAY  monthly  summary  table  of  co-occurrence  of 
temperature,  relative  humidity,  and  windspeed  for  month  of  June  at  Helena  Service  Site 
during  the  period  1962-81.  A  similar  table  is  produced  for  each  month  included  in  the 
analysis. 


User  Worksheet 

The  information  that  a  user  must  supply  to  run  the 
climatology  programs  is  indicated  on  the  climatology 
programs  user  worksheet  (exhibit  20).  The  worksheet  not 
only  prompts  the  user  for  the  required  information  but 
also  serves  as  a  request  for  ADP  service  when  someone 
other  than  the  user  actually  operates  the  computer 
terminal.  A  copy  of  the  user  worksheet  suitable  for 
reproduction  is  included  in  appendix  B. 
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Climatology  Program  Request 
Sheet  Number  1 


USER  WORKSHEET:   Programs  SUMMARY,  PRECIP1 
PRECIP2,  WINDS,  and  THREEWAY 


S£A4 


Charge  Number: 

User:  j?gflOS>frWH/     £    FjSOH£fL 


Date:         £  '  3  '  8' 


Project : 


CLlt*f)T0l~O6,y      P/tfiS&A/*\     <£0'D£. 


Station  Name l :  MONdggV  HOKS£     g,  S*.        Number  Jj  </■  O  &J "7 

Station  Elevation:   O  2*  3-~5  ft.   NFWDL  File  Name2:    &L/-A-  jr 


Year  Begin  /fs¥     Year  End  /f/A 
Program  request  and  description  of  desired  data  base3: 

SUMMARY    PRECIP1    PRECIP2    WINDS     THREEWAY4 


Date  begin: 
(MMDDYY) 5 

Date  end: 
(MMDDYY)5 

Minimum  days/ 
10-day  period 


Output  levelb 
(0  is  default) 

If   SUMMARY: 


OS//S8 


/03/fJL 


S 


(6   is   default) 


(8   is   default) 


Parameter(s)    to   be 

-7 

summarized 

Dry  bulb  temperature 
Maximum  daily  temperature 
Minimum  daily  temperature 
Mean  daily  temperature 
Relative  humidity 
Maximum  relative  humidity 
Minimum  relative  humidity 
Mean  relative  humidity 


Table(s)  to  be 

Q 

printed  out 

Q(3  ®  QQ 

2  3  4  5 

2  3  4  5 

2  3  4  5 

2  3  4  5 

2  3  4  5 

2  3  4  5 

2  3  4  5 


20  character  limit. 

2Refer  to  "The  National  Fire  Weather  Data  Library:  What  it  is  and 
how  to  use  it"  by  R.  William  Furman  and  Glen  E.  Brink,  USDA  Forest 
Service  Gen.  Tech.  Rep.  RM-19,  Rocky  Mountain  Forest  and  Range 
Experiment  Station.  Ft.  Collins,  CO  80521.  1975.  8  p. 
Indicate  programs  to  be  run  by  entering  desired  begin  and  end 
dates  of  desired  data  base  under  appropriate  program  name. 
Maximum  of  5  months  per  execution. 

5Enter  dates  in  form  of  MM  (month)  DD  (day)  and  YY  (year),  for 
example:  050962  (May  9,  1962). 

60  =  10  day  and  monthly  totals;  1  =  monthly  tables  only. 

7Check  (/)  parameters  to  be  summarized. 
Circle  desired  output. 


Exhibit  20.— Sample  user  worksheet  and  program  request  for  climatology  programs;  SUM- 
MARY, PRECIP1,  PRECIP2,  WINDS,  and  THREEWAY.  The  program  request  in  this  sample  will 
produce  the  climatological  summaries  displayed  as  exhibits  1  through  6. 
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THE  AVERAGING  PROGRAMS 
General  Instructions 

Programs  AVERAGE1,  AVERAGE2,  and 
AVERAGE3  are  designed  to  enhance  the  reliability  and, 
therefore,  the  utility  of  short-term  and  incomplete 
weather  station  records  in  the  NFWDL. 

Data  may  prove  deficient  for  two  reasons.  First,  sta- 
tions may  provide  relatively  few  years  of  data  (perhaps 
only  8  to  10  years).  This  situation  results  when  a  station 
is  closed  after  only  a  few  years  of  operation  or  when  a 
new  station  is  started.  A  data  deficiency  may  also  result 
when  a  station  is  operated  in  conjunction  with  the  fire 
season.  Such  stations  may  be  operative  earlier  or  later 
(or  both)  during  severe  fire  seasons  than  during  "nor- 
mal" fire  seasons.  Such  situations  usually  result  in  a 
"hot  and  dry"  bias  in  spring  and  fall  data. 

IDENTIFYING  DATA  DEFICIENCIES 

Deficiencies  in  NFWDL  station  data  can  be  identified 
in  several  ways.  Furman  and  Brink  (1975)  tell  how  to  ob- 
tain an  inventory  of  a  NFWDL  station's  data.  This  in- 
ventory lists  all  the  years  for  which  data  are  available 
and  the  number  of  observation  days  contained  in  each 
year's  station  record.  The  inventory  can  be  used  both  to 
identify  stations  with  deficient  data  and  to  identify  near- 
by stations  with  longer,  more  complete  records.  The  first 
page  of  output  from  the  climatology  programs  also 
shows  the  character  of  a  station's  data  base  for  the 
period  requested  (exhibits  1,  8,  12,  14,  and  17).  This 
source  identifies  by  year  the  10-day  periods  for  which 
data  are  available. 

PROGRAM  INPUT 

Input  for  the  averaging  programs  consists  of  previous- 
ly computed  10-day  and  monthly  climatic  means  from 
both  the  data-deficient  station  and  one  or  two  nearby 
stations  with  more  complete  data.  Output  tables  from 
programs  SUMMARY  and  PRECIP2  are  useful  sources 
for  such  values.  Other  sources  of  climatic  data  are  iden- 
tified by  Haines  (1977). 

PROGRAM  OUTPUT 

Output  from  the  averaging  programs  is  in  tabular 
form,  fashioned  after  those  presented  by  Finklin  (1983). 
Users  desiring  more  information  on  the  averaging 
methods  embodied  in  the  programs  and  interpretation  of 
output  should  consult  Finklin  (1983). 


Program  AVERAGE  1 

FUNCTION 

Program  AVERAGE  1  computes  adjusted  10-day  and 
monthly  mean  values  of  temperature  and  relative 
humidity  data  by  means  of  a  modified  difference  method 
(Finklin  1983)  for  a  station  with  incomplete  early  and 
late  season  data  (often  a  mountaintop  or  lookout  sta- 
tion). The  program  uses  period  mean  values  for  the  in- 
complete station  together  with  complete  season  mean 
values  (usually  from  a  nearby  valley  bottom  Ranger  Sta- 
tion) for  the  same  period  of  record. 

OUTPUT 

AVERAGE  1  produces  1  page  of  output  for  each 
averaged  parameter  (exhibit  21).  Multiple  parameters 
can  be  averaged  in  one  run  by  reprinting  the  execution 
sequence  in  lines  4  through  10  below.  This  repetition 
should  follow  line  10  of  the  original  run,  with  the  infor- 
mation modified  as  needed. 

INPUT 

AVERAGE  1  uses  only  a  user  input  stream.  The  first 
record  sets  up  run  parameters,  and  subsequent  records 
hold  sequential  10-day  mean  values  for  both  the  in- 
complete and  the  complete  stations.  These  are  then 
followed  by  sequential  monthly  mean  values.  Input  for- 
mats are  detailed  in  exhibit  22.  A  completed  user 
worksheet  containing  required  input  information  for  the 
sample  run  described  below  is  presented  as  exhibit  23. 
Mean  values  are  taken  from  a  previous  run  of  program 
SUMMARY. 
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EXECUTION 

The  following  runstream  will  generate  the  output 
exemplified  by  exhibit  21  (see  exhibit  22  for  proper 
column  assignment  of  input  in  items  4  through  12 
below): 

@RUN,P  RUNID,  ACCOUNT,  QUALIFIER,  60,  100 

@ASG  ,  A  CSSG  *  R 1  L  I  B  . 

@XQT  CSSG *  R 1  L  I  B  .  AV E RAGE  1 

DRY  BULB  T EMPERATUREN  I  NEM  I  LE  RS 


7  0 
7  3 
7  3 
7  2 
7  2 
68 
7  3 
7  1 


BU  L 

7  8 

8  2 
8  4 
8  2 
8  2 

7  6 

8  1 
80 


(July 
(July 
(July 
(  A  u  g  u 
(  A  u  g  u 
(  A  u  g  u 
(July 
(  Au  g  u 


p  e  r 

p  e  r 

p  e  r 
,   p  e 


o  d 

o  d 
od 
r 


p  e  r 
p  e  r 
month  I 

moo  I 


1 

2 

3 

od 

o  d 

o  d 

y 

h  I 


)EOF 
)F  I  N 


) 
) 
) 

1  ) 

2  ) 

3  ) 
mean) 

y  mean 


5 4 0 1 7 0 0 3WI L L I AMS  PEAK  LO  6068 


The  following  program  SUMMARY  execution  on  an 
appropriate  NFWDL  data  file  computed  the  mean  values 
used  in  the  above  input  stream. 


@XQT  CSSG *  R 1  L  I  B  .  SUMMARY 
DRY  BULB  TEMPERATURE 
DRY  BULB  TEMPERATURE 
©EOF 


2  4  13  0  5W I  L  L  I  AMS 
241507NINEMILE 


PEAK  LO 
RANGER  ST 


5450.   10000070154083170 
3154.   10000070154083170 


COST 

AVERAGE  1  will  always  cost  the  batch  minimum  of 
50  cents. 


ADJUSTMENT  OF  FIRE-WEATHER  AVERAGES  AT  LOOKOUTS 

BASED  ON  DIFFERENCE  (TEMP  X  HUMIDITY)  OR  RATIO  (PRECIP) 
METHODS  DESCRIBED  BY: 

ARNOLD  I.  FINKLIN,  1983.   SUMMARIZING  WEATHER  8  CLIMATIC  DATA 
GEN  TECH  REP  INT-146.  USDA,  FS  INTERMT  FOR  X  RNG  EXP  STN 
PP.  23-26!  TABLE  2. 


DRY  BULB  TEMPERATURE 
COMPLETE  RECORD  STATION:   NINEMILE  RS 
INCOMPLETE  RECORD  STATION:   WILLIAMS  PEAK  LO 


YEARS:   1954   THROUGH   1970 
YEARS:   1954   THROUGH   1970 


10  DAY  PERIOD 
BEGINNING 


INCOMPLETE    COMPLETE   DIFFERENCE     SMOOTHED 
AVERAGE      AVERAGE  DIFFERENCE 


adjusted 
average 


JUL  01 

JUL  11 

JUL  21 

AUG  01 

AUG  11 

AUG  21 


MONTH 
MONTH 


JUL 
AUG 


70.1 
73.2 
73.9 
72.3 
72.5 
68.0 


73.0 
71.2 


78.4 

-8.3 

82.8 

-9.6 

84.4 

-10.5 

82.9 

-10.6 

82.3 

-9.8 

76.5 

-8.5 

81.9 

80.4 

■10.1 
■10.1 
■10.3 
•10.4 
■10.2 
•10.2 


68.3 
72.8 
74.1 
72.5 
72.1 
66.3 


71.8 
70.2 


Exhibit  21.— Sample  of  Program  AVERAGE1  output  showing  adjusted 
average  dry  bulb  temperature  for  an  incomplete  record  station;  Williams 
Peak  Lookout,  Mont.  Adjusted  temperatures  are  based  on  more  complete 
records  from  the  nearby  Ninemile  Ranger  Station. 
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Symbol   ^Function 

PROGRAM  NAME 
SEM*CLIM.AVERAGE1 

INPUT  RECORD  AND 
COLUMN  ASSIGNMENT 

D     Duplicate 

P     Punch 

S     Skip 

V     Verify 

L     Left  justify 

PROGRAM  NUMBER      DATE 

12/81 

SOURCE  DOCUMENT  RECORD  FORM  USE 

PREPARED  BY 
Larry  Bradshaw 

PAGE 
1   of   1 

COLUMNS 

NO. 
COLS. 

FUNC. 
* 

RECORD  FIELD 

FROM 

TO 

REMARKS 

1 .    PARAMETER 

1 

20 

20 

P 

Parameter  name 

2.    NAME  OF  COMPLETE  RECORD 
STATION 

21 

40 

20 

P 

3.    YEAR  COMPLETE  RECORD  BEG: 

.N   41 

42 

2 

P 

right  justify 

4.    YEAR  COMPLETE  RECORD  END 

43 

44 

2 

P 

right  justify 

5.    MONTH  COMPLETE  RECORD  BE( 

;in  45 

46 

2 

P 

right  justify 

6.    PERIOD  COMPLEGE  RECORD  BI 

1G.  47 

48 

2 

P 

(01  for  days  1-10;  02  for  11- 
20;  03  for  21-31)  right  justify 

7.    MONTH  COMPLETE  RECORD  ENI 

)   49 

50 

2 

P 

right  justify 

8.    PERIOD  COMPLETE  RECORD  EI 

ID   51 

52 

2 

P 

same  as  number  6 

9.    INCOMPLETE  RECORD  STATIOI 

NAME 

I   53 

72 

20 

P 

10.   YEAR  INCOMPLETE  STATION 
BEGINS 

73 

74 

2 

P 

right  justify 

11.   YEAR  INCOMPLETE  STATION 
DATA  END 

75 

76 

2 

P 

right  justify 

***Now,  for  each  10-day  period  enter  one  record  with  the  incomplete  mean  value 

followed  by  the  long-term  mean  value.   After  all  10-day  periods  are  entered, 
enter  monthly  mean  values. 


10-day  period  mean  values 
punched 


1 


10 


10 


FORMAT  (2F5.al),  decimal 


1234567890 
83.1  91.2 


**********************jtnd  OF  INPUT  STREAM  FOR  AVERAGE1*************************** 


Exhibit  22.— Input  format  specifications  for  Program  AVERAGE1. 
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Climatology  Program  Request  and 
User  Worksheet  Number  2 

PROGRAM  AVERAGE 1 
Temperature   or   Humidity   Variable    to   be    Summarized :  /)£  V  gj/LB    T£NlP< 
Complete   Record   Station  Name:     /V/AJ£  tdUJk       fi*S> 


Incomplete   Record    Station  Name:   W/ZZ-I/OMS     P£AK    J.-Q* 

DATA  BASE  DESCRIPTION: 

Year    Year   Month   Period1   Month   Period1 
begin   end    begin   begin    end     end 

Complete  station     S¥  "7q  07  Q/  Q&  Q3 

Incomplete  station  S"Y  "pQ  07  Ol  08  &3 


10-DAY  AND  MONTHLY  MEAN  VALUES 


Incomplete    Complete     Period    Incomplete   Complete 
Period     station      station      (con.)      (con.)       (con.) 


JtW.  /  7oi  78.<f 

Jul,  ii  73.2.  S2.f 

Mlf  73.1  gf.V 

Mh.\  73.3  &?■? 

iMii  (to  1LK. 

J(/iy  93  c  811 


1  10-day  period  within  each  month. Enter  01  for  days  1-10,  02  for  days 
11-20,  and  03  for  days  21-31. 

2  Enter  0  if  data  is  missing.   Enter  all  10-day  periods  and  their 
monthly  mean  values,  in  sequence. 

Exhibit  23.— Completed  user  worksheet  and  program  request  for  the  program  AVERAGE1 
example  used  to  generate  output  in  exhibit  21. 
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Program  AVERAGE2 

FUNCTION 

Program  AVERAGE2  computes  adjusted  and  ex- 
trapolated (lengthened  season)  10-day  and  monthly 
average  precipitation  for  a  complete  fire  weather  season 
at  weather  stations  having  a  relatively  short  season  and 
period  of  record.  Adjustments  and  extrapolations  are  ob- 
tained by  a  modified  ratio  method  (Finklin  1983)  using 
previously  computed  mean  values  from  a  station  with 
short  season  and  period  of  record,  and  two  nearby  sta- 
tions with  long  periods  of  record  and  full  season's  data. 

OUTPUT 

AVE  RAGE  2  produces  one  page  of  output  per  station 
(exhibit  24). 

EXECUTION 

The  following  runstream  will  generate  the  output 
exemplified  by  exhibit  24: 


@RUN,L  RUN  I  D  ,  ACCOUNT  ,  QUA L  I  F 
@ASG  ,  A  CSSG  *  R 1  L  I  B  . 


ER 


T  I  ME 


LIB.AVERAGE2 
INCHES) 

POWELL 


R  .  S 


@XQT  CSSG  *  R 1 
A VG  PR  EC  I  P  ( 
NINEMI  LE  R  .  S  . 
0.000  0.000 
0.503  0.837 
0.529  0.890 
0.829  1.009 
0.668  0.840 
0.645  1.075 
0.418  0.558 
0.312  0.339 
0.172  0.218 
0.316  0.278 
0.278  0.390 
0.571  0.712 
0.280  0.720 
0.616  1.162 
0.364  0.728 
0.559  1.237 
0.627  1.071 
0.000  0.000 
LO  LO  R  .  S  . 
0.526  0.503  0.610 
0.344  0.289  0.331 
0.176  0.146  0.206 
0.246  0.374  0.284 
0.269  0.144  0.322 
0.736  0.620  0.753 
@EOF 
@  F  I  N 

The  following  execution  of  PRECIP2  on  an  ap- 
propriate NFWDL  data  file  produced  the  mean  values 
used  in  the  above  input  stream. 

@XQT  CSSG*R1LIB.PRECIP2 

101031POWELL  RANGER  STN  3409 

101031POWELL  RANGER  STN  3409 

241506LOLO  RANGER  STN  3400 

24  1  50 7N  I  NEM  I  LE  RANGER  STN  3154 

2 4  1  5 0 7N  I  NEM  I  L E  RANGER  STN  3154 

©EOF 

COST 

AVERAGE2  will  cost  the  batch  minimum  of  50  cents. 


N  I  N  EM  I  L  E     R  .  S 


INPUT 

Program  AVE  RAGE  2  requires: 

1.  Previously  computed  short  season,  short  period  of 
record  average  10-day  precipitation  amounts  at  the  short 
season  station,  and  two  nearby  stations  (available  from 
PRECIP2,  see  exhibit  13),  and 

2.  Previously  computed  long  period  of  record,  full 
season,  10-day  average  precipitation  amounts  at  the  two 
nearby  stations  (available  from  PRECIP2,  see  exhibit 
13). 

Input  formats  for  AVERAGE 2  are  detailed  in  exhibit 
25.  A  complete  user  worksheet  containing  required  input 
information  for  the  sample  run  described  below  is 
presented  as  exhibit  26. 


PAGES 


5  4  7  0  0  5  10 


POWE  L  L     R  .  S 


5  4  6  7  0  7  0  8 


050154103170 
070154083167 
070154083167 
050154103170 
070154083167 
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1  EXTRAPOLATED  AMD  SMOOTHED  10-DAY  AVERAGE  PRECIPITATION  AMOUNTS 

BASED  ON  METHODS  DESCRIBED  BY  FINKLIN  (1983). 

SUMMARIZING  WEATHER  &    CLIMATIC  DATA*  INT-148.  UDSA,  FS 
INTERMT  FOR  X  RNG  EXP  STN,  PP.  26-275  TABLE  3. 


AVERAGE  PRECIP.  AVERAGL  PRLCIP.  LOLO  R.S. 

195*+  -  1967  I    1954  -  1970       I 

I  I 

LOLO  NINE    POWE    AVE  I   NINE  POWE    AVE  I  SMOOTHED  RATIO  ADJ 

DATA      R.S  MILE    LL  R    2X3  I   MILE  LL  R    53,6  I  UNADJ  ADJ  1:4   AVE 

PERIOD    (1)  (2)     (3)    (4)      (5)     (6)    (7)  (8)  (9)  (10)  (11) 

MAY  01  0.000  0.000  0.000  0.629  0.629  0.629 

MAY  11  0.503  0.837  0.670  0,683  0.683  0.683 

MAY  21  0.529  0.890  0.709  0.738  0.738  0.738 

JUN  01  0.829  1.009  0.919  0.857  0.857  0.857 

JUN  11  0.668  0.840  0.754  0.799  0.799  0.799 

JUN  21  0.645  1.075  0.860  0.780  0.780  0.780 

JUL  01  0.526  0.503   0.610   0.556   0.418  0.558  0.488  0.523  0.523  0.523 

JUL  11  0.344  0.289   0.331   0.310   0.312  0.339  0.326  0.331  0.331  0.331 

JUL  21  0.176  0.146   0.206   0.176   0.172  0,218  0.195  0.234  0.234  0.234 

AUG  01  0.246  0.374   0.284   0.329   0.316  0.278  0.297  0.286  0.286  0.286 

AUG  11  0.269  0.144   0.322   0.233   0.278  0.390  0.334  0.379  0.379  0,379 

AUG  21  0.736  0.620   0.753   0.687   0.571  0.712  0.641  0.567  0.567  0.567 

SEP  01  0.280  0,720  0,500  0,588  0.588  0.588 

SEP  11  0.616  1.162  0.889  0.767  0.767  0.767 

SEP  21  0.364  0.728  0.546  0.662  0.662  0.662 

OCT  01  0,559  1.237  0.898  0.831  0.831  0.831 

OCT  11  0.627  1.071  0.849  0.865  0.865  0.865 

OCT  21  0.000  0.000  0.000  0.899  0.899  0.899 

month: 

JUL     1.046  0.938   1.147   1.043 

AUG     1.251  1.138   1.359   1.248 

TOTAL       2.297  2.291  1.003 
Exhibit  24.— Sample  of  Program  AVERAGE2  output. 


25 


Symbol   * Function 

PROGRAM  NAME 

S EM* CLIM. AVERAGE 2 

INPUT  RECORD  AND 
COLUMN  ASSIGNMENT 

D     Duplicate 

P     Punch 

S     Skip 

V     Verify 

L     Left  justify 

PROGRAM  NUMBER 

DATE 
12/81 

SOURCE  DOCUMENT  RECORD  FORM  USE 

PREPARED  BY 
Larry  Bradshaw 

PAGE 
1   of   2 

COLUMNS 

NO. 
COLS. 

FUNC. 
* 

RECORD  FIELD 

FROM 

TO 

REMARKS 

CARD  NUMBER  1.   HEADING 

1 

80 

80 

P 

any  heading,  include  parameter 

INPUT  SEQUENCE  NUMBER  2- 


2.1  First  long-term  station 

1 

20 

20 

P 

enter  station  name 

2.2  Second  long-term  station 

21 

40 

20 

P 

enter  station  name 

2.3  Year  begin 

41 

42 

2 

P 

year  data  begin  at  long-term 

2.4  Year  data  end  (long) 

43 

44 

2 

P 

year  long-term  data  end 

2.5  Month  data  begin 

45 

46 

2 

P 

month  long-term  data  begin 

2.6  Month  data  end 

47 

48 

2 

P 

month  long-term  data  end 

****  Now  for  each  10-day  period  enter  the  mean  precip.  amounts  for  station  2.1  and 
2.2  respectively  (one  card  per  10-day  period)  -  3  periods/month;  if  missing  enter  0. 


Mean  precip.  amounts 


1    12    12   P    Format  (2F6.3) 


INPUT  SEQUENCE  NUMBER  3- 


3.1  Short-term  station 

1 

20 

20 

P 

enter  short-term  station  name 

3.2  First  long-term  station 

21 

40 

20 

P 

same  as  item  2. 1 

3.3  Second  long-term  station 

41 

60 

20 

P 

same  as  item  2.2 

3.4  Short  year  begin 

61 

62 

2 

P 

year  short  data  begin 

3.5  Short  year  end 

63 

64 

2 

P 

year  short  data  end 

3.6  Month  short  data  begin 

65 

66 

2 

P 

month  short  data  begin 

3.7  Month  short  data  end 

67 

68 

2 

P 

month  short  data  end 

***  Now  enter  for  each  10-day  period  of  the  short  station  (short  years  too)  the 


(con. ) 
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Symbol   *Function 

PROGRAM  NAME 
SEM*CLIM.AVERAGE2 

INPUT  RECORD  AND 
COLUMN  ASSIGNMENT 

D     Duplicate 

P     Punch 

S     Skip 

V     Verify 

L     Left  justify 

PROGRAM  NUMBER 

DATE 
12/81 

SOURCE  DOCUMENT  RECORD  FORM  USE 

PREPARED  BY 
Larry  Bradshaw 

PAGE 
2   of   2 

COLUMNS 

NO. 
COLS. 

FUNC. 
* 

RECORD  FIELD 

FROM 

TO 

REMARKS 

Mean  precip.  by  period 

1 

18 

18 

P 

**FORMAT  (3F6.3)  with  decimal 

10-day  mean  precip.  amounts  for  the  three  stations  in  items  3.1,  3.2  and  3.3, 


respectively.   Th 

ree  per 

record, 

one  record 

per  period 

format  (3F6 

.3) 

always  wi 

th 

three  periods  per 

month. 

If  one 

is  miss 

ing. 

enter  0. 

Means  are  from 

the  same 

set 

of  years  for  all 

three  stations 

(defined 

by 

short 

station) 

and  are 

not 

the  same 

as 

in  input  sequence 

number 

2  above 

.   This 

means  two 

runs 

of 

climatology 

program 

PRECIP2  for  the  1 

ong-term  station.   One 

for 

the  long-term 

averages 

anc 

one  for 

the 

short-term  averag 

es. 

Exhibit  25.— Input  format  specifications  for  Program  AVERAGE2. 
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Climatology  Program  Request  and 
User  Worksheet  Number  3 

Program  AVERAGE2 

1.0     Heading:     fi\f£aA*£       P/L£  C I  P.      Ct*>t*es} 


LONG   TERM   STATION    SPECIFICATIONS 

2.1  First    long-term   station  name :_ 

2.2  Second    long-term   station   name: 

2.3  Year  begin:        /  ffjT^ 

2.5     Month   begin:  MAY    C  0  S) 


Hk 


NEMILC      ft.S\ 


QY/6LL    R.S-. 


2.4 
2.6 


Year  end: 
Month  end 


I?i7 


OCT    C  'O) 


SHORT   TERM  STATION    SPECIFICATIONS 

3.1      Short-term   station  name: 

3.4     Year  begin:        I9SV 
3.6     Month   begin:  JulY     C  O  7 J 


LCLQ    R..S. 


Year  end:_ 
Month  end 


IU7 


10-DAY  PERIOD  MEAN  AMOUNTS 

Long-term  means 
(sequence  2) 


Period2 

wf/T 
mvji 

fttAXU 


i 


uu  ; 
/W6  i; 

S£PM 

OCT  II 
OCT  II 


Long    1 

Mr? 

0J71 
Q-21M. 

oYft 

Q.60Q 


Long 


Short-term  means 
(sequence  3) 

Period    Short  1   Long  1   Long  2 


45EI 


i 


AMU1 


0-  3¥j 


0-2*7 


ChSBL 

6.  ?7¥ 
O.IH* 
O.ClO 


*-33t 

Q.aoG> 


Enter  0  if  missing. 

Enter  period  beginning  date;  May  1,  May  11,  etc. 

Exhibit  26.— Completed  user  worksheet  and  program  request  for  the  Program  AVERAGE2 
example  used  to  generate  output  in  exhibit  24. 


28 


li 


Program  AVERAGE3 

FUNCTION 

Program  AVERAGE3  computes  adjusted  and 
extrapolated  (lengthened  season)  10-day  and  monthly 
mean  values  of  temperature  and  relative  humidity 
(available  from  Program  SUMMARY)  for  a  weather 
station  that  has  a  relatively  short  season  of  observation. 
Adjustments  and  extrapolations  are  based  on  differences 
from  peak-season  values  (Finklin  1983). 

OUTPUT 

AVERAGE3  produces  one  page  of  output  per 
parameter  (exhibit  27). 


EXECUTION 

The  following  runstream  will  generate  the  output 
exemplified  by  exhibit  27: 

@RUN,P  RUNID,   ACCOUNT,   QUALIFIER 

@ASG ,   A  CSSG*R1LIB. 

@XQT  CSSG * R 1 L I B . AVERAGE3 

DRY  BULB  TEMPERATURE 


INPUT 

Program  AVERAGE3  requires: 

1.  Previously  computed  short  season,  short  period  of 
record  average  10-day  parameter  values  at  the  short 
season  station,  and  at  two  nearby  stations  (available 
from  program  SUMMARY),  and 

2.  Previously  computed  long  period  of  record,  full 
season  10-day  average  parameter  values  at  the  two  near- 
by stations  (also  available  from  program  SUMMARY). 

Input  formats  for  program  AVERAGE3  are  detailed 
in  exhibit  28.  A  completed  user  worksheet  containing  in- 
put information  for  the  sample  run  described  below  is 
presented  as  exhibit  29. 


6  0,100 


N  I  N  EM  I  L  E 
6  3.0  60. 


R  .  S 


POWE  L  L  R  .  S 


547005021002 


6  5 

6  8 
70 

7  2 

7  8 
82 
84 

8  2 
8  2 
7  6 
7  4 
6  7 

6  5 
5  9 
54 
N  I 

7  7 
83 
84 

8  2 
8  3 
7  5 
7  4 


6  3 
66 
69 

7  0 

7  7 

8  1 
8  2 
8  1 
8  0 
7  4 
7  2 
6  4 
6  1 
5  5 
50 


N  EM  I  LE 
.7  76 


82 
82 
8  1 
8  0 
7  2 
7  2 


.  S 

7  4 

8  0 
8  1 
8  0 
7  9 
7  2 
7  1 


POWE  L  L  R  .  S 


LOLO  R  .  S 


546707010901 


>EOF 
IF  I  N 


The  following  execution  of  program  SUMMARY  on  an 
appropriate  NFWDL  data  file  produced  the  mean  values 
used  in  the  above  input  stream. 
@XQT     CSSG *  R 1  L  I  B  .  SUMMARY 
DRY     BULB     TEMPERATURE 
DRY     BULB     TEMPERATURE 
DRY     BULB     TEMPERATURE 
DRY     BULB     TEMPERATURE 
DRY     BULB     TEMPERATURE 
@EOF 


101031POWELL  RANGER  STN. 
101031POWELL  RANGER  STN. 
241506LOLO  RANGER  STATION 
2 4  1  5 0 7 N  I  N EM  I  L E  RANGER  STN 
2 4  1  5 0 7 N  I  N EM  I  L E  RANGER  STN 


3  4  0  9 

3  4  0  9 

3  4  0  0 

3  15  4 

3  15  4 


10000050154103170 
10000070154083167 
10000070154083167 
10000050154103170 
10000070154083167 


COST 

AVERAGE3  will  cost  the  batch  minimum  of  50  cents. 
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EXTRAPOLATION  OF  FIRE-WLATHER  STATISTICS  AT  VALLEY  OR  CANYON  LOCATIONS 

BASEO  ON  A  DIFFERENCE  METHOD  DESCRIBED  bY : 

ARNOLD  I.  FINKLIN,  1983  -  SUMMARIZING  WEATHER  X  CLIMATIC  DATA 
GEN  TECH  REP  INT-146.  USOA.  FS  INTERMT  FOR  X  HAN  EXP  STN 
P.  26-29!  TABLES  4X5. 


1954  -  1970 


1954  -  1967 


DRY  BULB  TEMPERATURE 


NINEMILE  R 

POWELL  R.S 

(5)  + 

(8) 

LOLO 

EGINNING 

(  1  1 

(2) 

(9) 

(  10  ) 

(11  ) 

(12) 

(13) 

(14) 

(15) 

MAY 

11 

63.0 

60.9 

0.0 

-21.4 

-21.6 

0.0 

-21.5 

-21.5 

60.1 

MAY 

21 

65.4 

63.3 

n.o 

-19.0 

-19.2 

0.0 

-19.1 

-19.0 

62.6 

JUIJ 

0  1 

68.2 

66.8 

0.0 

-16.2 

-15.7 

0.0 

-15.9 

-16.1 

65.5 

JUN 

1 1 

70.0 

69.8 

0.0 

-14.4 

-12.7 

0.0 

-13.5 

-13.7 

67.9 

JUN 

21 

72.3 

70.6 

0.0 

-12.1 

-11.9 

0.0 

-12.0 

-11.3 

70.3 

JUL 

01 

78.4 

77.4 

75.5 

-6.0 

-5.1 

-6.1 

-6.1 

-6.3 

75.3 

JUL 

1  1 

82.7 

81.7 

80.1 

-1.7 

-0.8 

-1.5 

-1.5 

-2.0 

79.5 

JUL 

21 

84.4 

82.5 

81.6 

0.0 

0.0 

0.0 

0.0 

-0.5 

81.1 

AUG 

U 

62.9 

81.4 

"0.1 

-1.5 

-1.1 

-1.5 

-1.5 

-1.4 

80.1 

AUG 

1  1 

82.3 

60.0 

78.9 

-2.1 

-2.5 

-2.7 

-2.7 

-3.4 

78.1 

AUG 

21 

76.5 

74.2 

73.4 

-7.9 

-8.3 

-8.2 

-3.2 

-7.6 

73.9 

SEP 

01 

74.2 

72.3 

71.3 

-10.2 

-10.2 

-10.2 

-10.2 

-11.1 

70.4 

SEP 

1  1 

67.5 

64.0 

o.n 

-16.9 

-18.5 

0.0 

-17.7 

-16.9 

64.7 

SEP 

21 

65.3 

61.4 

0.0 

-19.1 

-21.1 

0.0 

-20.1 

-20.7 

60.8 

OCT 

01 

59.1 

55.1 

0.0 

-25.3 

-27.4 

0.0 

-26.3 

-26.1 

55.4 

OCT 

1  1 

54.4 

50.0 

0.0 

-30.0 

-32.5 

0.0 

-31.3 

-31.3 

50.3 

DRY  BULB  TEMPERATURE 


MINEMILL  R 

POWELL  H.S 

LOLC  R.S 

BEGINNING 

(  i  ) 

(4  1 

(  5) 

(6  ) 

(7) 

(8 

JUL  01 

77.7 

76.3 

74.6 

0.7 

1.1 

0.9 

JUL  11 

83.5 

62.2 

80.7 

-0.8 

-0.5 

-0.7 

JUL  21 

64.9 

82.7 

81.9 

-0.5 

-0.2 

-0.3 

AUG  01 

82.8 

81  .4 

80.0 

0.1 

0.0 

0.0 

AUo  11 

63.3 

60.9 

79.8 

-1.0 

-0.9 

-0.9 

AUG  21 

75.4 

72.8 

72.1 

1.1 

1.4 

1.3 

SEP  01 

74  .4 

72.2 

71.4 

-0.2 

0.1 

0.0 

Exhibit  27.— Sample  of  output  from  Program  AVERAGE3  for  dry  bulb  temperature. 
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Symbol  *Function 

PROGRAM  NAME 
SEM*CLIM.AVERAGE3 

INPUT  RECORD  AND 
COLUMN  ASSIGNMENT 

D    Duplicate 

P    Punch 

S     Skip 

V     Verify 

L    Left  justify 

PROGRAM  NUMBER 

DATE 
12/81 

SOURCE  DOCUMENT  R 

lCORD  FORM  USE 

PREPARED  BY 
Larry  Bradshaw 

PAGE 
1  of  2 

COLUMNS   NO. 

FUNC. 
* 

RECORD  FIELD 

FROM  TO  COLS. 

REMARKS 

INPUT  SEQUENCE  NUMBER  1- 


1.1  Heading 


80 


80 


enter  parameter  and  other  info. 


INPUT  SEQUENCE  NUMBER2- 


2.1  First  long-term  station 

1 

20 

20 

P 

enter  station  name 

2.2  Second  long-term  station 

21 

40 

20 

P 

enter  second  station  name 

2.3  Year  data  begin 

41 

42 

2 

P 

enter  year  (YY) 

2.4  Year  data  end 

43 

44 

2 

P 

enter  year  (YY) 

2.5  Month  data  begin 

45 

46 

2 

P 

enter  month  (MM),  right  justify 

2.6  Period  data  begin 

47 

48 

2 

P 

01,  02,  or  03  right  justified 

2.7  Month  data  end 

49 

50 

2 

P 

enter  month  (MM)  right  justify 

2.8  10-day  period  data  ends 

51 

52 

2 

P 

01,  02,  or  03  right  justified 

***  Now  enter  mean  parameter  values  for  the  two  stations  (items  2.1  and  2.2) 
one  card  per  10-day  period,  two  entries  per  card, 


10-day  mean  values 


10 


10 


Format  (2F5.1) 


INPUT  SEQUENCE  NUMBER  3- 


3.1  First  short  station 

1 

20 

20 

P 

enter  name,  same  as  2.1 

3.2  Second  short  station 

21 

40 

20 

P 

enter  name,  same  as  2.2 

3.3  Third  short  station 

41 

60 

20 

P 

enter  name 

3.4  Short  year  begin 

61 

62 

2 

P 

enter  year  (YY) 

3.5  Short  year  data  end 

63 

64 

2 

P 

enter  year  (YY) 

(con. ) 

Exhibit  28.— Input  format  specifications  for  Program  AVERAGE3. 
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Symbol   * Function 

PROGRAM  NAME 

S EM* CLIM. AVERAGE 3 

INPUT  RECORD  AND 
COLUMN  ASSIGNMENT 

D     Duplicate 

P     Punch 

S     Skip 

V     Verify 

L     Left  justify 

PROGRAM  NUMBER 

DATE 
12/81 

SOURCE  DOCUMENT  RECORD  FORM  USE 

PREPARED  BY 
Larry  Bradshaw 

PAGE 
2   of   2 

COLUMNS 

NO. 
COLS. 

FUNC. 
* 

RECORD  FIELD 

FROM 

TO 

REMARKS 

3.6  Short  month  data  begin 

65 

66 

2 

P 

enter  month  (MM)  -  right  justify 

3.7  Short  period  begin 

67 

68 

2 

P 

01,  02,  or  03  -  right  justify 

3.8  Short  month  data  end 

69 

70 

2 

P 

enter  month  (MM)  -  right  justify 

3.9  Short  period  end 

71 

72 

2 

P 

01,  02,  or  03  -  right  justify 

*Now  enter,  for  each  10-day  period,  the  mean  values  of  the  three  stations  per  card. 


10-day  mean  short  period 
values 


15 


15 


Format    (3F5.1)    with   decimal 


****************************END   OF    INPUT    STREAM   FOR  AVERAGE3************************ 


Exhibit  28.— (con.) 
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Climatology  Program  Request  and 
User  Worksheet  Number  4 

Program  AVERAGE3 

1.0  Heading:  P&Y     3  ULB      T£/tfP.         CT>£6*F) 

LONG  SEASON  DATA  SPECIFICATIONS 

2.1  First    long   season  station  name:       J\/JA/£t/llL£.      /?♦  S"» 

2.2  Second  long  season  station  name:  f^W^Xt*    fS.  S"> 


Year 

Year 

Month 

Period 

Month 

Period1 

begin 

end 

begin 

begin 

end 

end 

St 

70 

OS 

02- 

/o 

0*- 

2.3  2.4       2.5  2.6       2.7  2.8 

SHORT  PERIOD  DATA  SPECIFICATIONS 

3.1  First  long  station  name  (short  record  period):  hJf^fS /¥f/L>S-   42.-*« 

3.2  Second  long  station  name  (short  record  period):  ftOWtkU      E.S* 

3.3  Primary  short-term  station  name:    lmQL.0        &  .S * 

Year      Year      Month  Period1    Month  Period1 

begin     end       begin  begin      end  end 

S9         67        o7  t>t         of  _o±_ 

3.4  3.5                3.6  3.7                3.8  3.9 

MEAN   VALUES 

Long-term  means  Short-term  means 

(sequence  2)  (sequence  3) 

Period        Long    1        Long   2  Period        Short    1  Short    1      Short    2 

hWH      ~^Q      ~CO^W  >L7        77  7  7t*         7*C 

i«£UJ     HSZ       L3.3  Jyt/f      #i-T  r^2-        gpi 

voal_i    c£X   ST  wj    yvl  ^i.7     jfe? 

±m±\     loo     TEg  ami     JOT  ^/y      gto 

Ji/aAJ     T^J        70>L  A06II       PJJ  *><? /?*^ 

J«i_l      7*9       77.+  AoiHT      ?&*  ?z.8 7*.  ■' 

±Mkii     rjL.7     nT  sep  i     7+y  71.2- 7/.  y 

mLV     ??.*       2*>S                  


i 


wfea     r*3    ~3§3L 

1&T      7*2- 

7Y*-        71  3  

&Pn  (osr  tfy.o 

SUH  cs.3  til 

per  I  ^11  JS\ 

tern  xv.  y  so.o 

10-day  period  within  each  month.   Enter  01  for  days  1-10,  02  for  days 
11-20,  and  03  for  days  21-31. 

Exhibit  29.— Completed  user  worksheet  and  program  request  for  the  Program  AVERAGE3 
example  used  to  generate  output  in  exhibit  27. 
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APPENDIX  A:  HOW  TO  OBTAIN  A 
DATA  FILE  FROM  THE  NATIONAL 
FIRE  WEATHER  DATA  LIBRARY 

Creation  of  a  Data  File  for  Use  in  the 
Climatology  Programs 

Three  items  of  information  are  needed  to  obtain  data 
from  the  NFDWL.  They  are  (1)  the  6-digit  code  (or 
codes)  of  the  fire  weather  station(s)  to  be  analyzed,  (2) 
the  years  of  data  to  be  analyzed,  and  (3)  the  file  name 
containing  the  lowest  station  code  in  the  analysis.  For 
example,  if  the  stations  to  be  analyzed  are  034567, 
245789,  and  003452,  only  the  file  name  that  contains 
station  003452  is  needed. 

OBTAINING  A  FILE  NAME 

A  current  listing  of  files  and  stations  within  the  files 
may  be  obtained  by  executing  the  following  sequence  at 
FCCC: 

12  3  4 

1234567890123456789012345678901234567890 
@RUN,  ID,  ACCOUNT.  QUALIFIER 
@ASG,A  F  I  REDAT A L  I  B *  PROGRAMS  . 
@XQT  FIREDATALIB'PROGRAMS.  LISTFI  LES 
<§  F  I  N 

NFDWL  software  creates  a  listing  of  file  names  and 
stations  in  the  file.  The  general  format  follows  (note: 
ssssss  represents  the  6-digit  station  code,  and  yy 
represents  the  last  2  digits  of  the  year  that  data  begins 
(FROM)  or  ends  (THROUGH);  nn,  mm,  and  oo  represent 
assorted  numbers  and  letters  of  the  file  names). 


STATION 

F  ROM 
ssssssyy 
ssssssyy 


FILE 

NAME 
F  I  REDAT A  L  I  B •  n  n  -  mm 
F  I  REDATAL  I  B'oo 
etc. 

Scan  the  "station  year  limits"  column  until  the  group 
containing  the  lowest  6-digit  station  code  of  station  to 
be  analyzed  is  found.  The  entire  file  name 
(FIREDATALIB*nn-mm)  is  to  be  used  in  place  of 
"FILE"  in  the  following  data  acquisition  sequence. 


YEAR  LIMITS 
THROUGH 
ssssssyy 
ssssssyy 


DATE  OF  LAST 
UPDATE 
mm  d  d  y  y 
mmd  d  y  y 
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CREATING  A  WEATHER  RECORD 
IMAGE  FILE  FOR  USE  IN  ANALYSIS 

In  creating  a  weather  record  image  file,  it  is  wise  to 
generate  a  user  program  file  of  the  data.  This  allows  the 
data  file  to  be  stored  in  the  Mass  File  Directory  at 
FCCC  for  6  days  from  the  date  of  creation,  allowing 
subsequent  runs  to  access  the  data  without  re-creation 
of  the  data  file  by  NFDWL  software.  This  is  particularly 
helpful  in  the  event  of  input  errors  resulting  in  job  ter- 
mination prior  to  completion  or  when  several  programs 
will  be  run  on  the  same  data  set. 

This  process  is  accomplished  by  executing  the  follow- 
ing sequence  at  FCCC.  Again,  ssssss  is  a  6-digit  station 
code,  and  yy  values  are  beginning  and  ending  years  of 
data  inclusion,  respectively.  If  all  available  years  are  re- 
quested, use  yy=00  and  yy=99. 

12  3  4  5  6 

123456789012345678901234567890123456789012345678901234567890 
@RUN 

@ASG,A  F  I  R EDATAL  I  B *  PROGRAMS  . 

@ASG , A  "FILE". 

@  U  S  E  2  .  ,   "FILE". 

@ASG,UP     NAME.  (Name  may  be  any  meaningful  name. to  user) 

@USE  15.,  NAME.     (See  NAME) 

@XQT  F  I  REDATAL  I  B  *  PROGRAMS-.  GETDATA2 

ssssssyy    ssssssyy 

etc.,  until  all  stations  are  listed  in  ascending  order 
@EOF 

123456789012345678901234567890123456789012345678901234567890 
12  3  4  5  6 


The  above  sequence  will  create  a  data  file  on  logical 
unit  15  to  be  analyzed  by  the  climatology  programs. 
NFDWL  software  will  list  the  station  number(s)  and  the 
number  of  the  card  images  for  each  station.  Subsequent 
runs  of  the  same  program,  or  other  climatology  pro- 
grams within  the  next  6  days,  would  use  the  following 
sequence  to  access  data  for  analysis. 

1  2 

12345678901234567890 
©RUN 

@ASG , A  NAME . 
@US  E   1  5  .  ,  NAME  . 


Data  Format  of  Parameters  Accessed  by 

Climatology  Programs 
from  the  National  Fire  Weather  Library 

Record  space(s) 

(inclusive)  Parameter,  input  format 


1  -    6 

7-8 

9-10 

11  -  12 

14  -  16 

17  -  19 

28  -  28 

29  -  31 
39  -  41 
42  -  44 
54  -  57 
61  -  61 


Station  number  (16) 

Year  (12) 

Month  (12) 

Day  (12) 

Dry  bulb  temperature  (A3) 

Humidity  value  (A3) 

Wind  direction  (II) 

Windspeed  (13) 

Period  maximum  temperature  (A3) 

Period  minimum  temperature  (A3) 

Precipitation  amount  (A4) 

Moisture  variable  index: 

Defines  humidity  variable  in 

columns  17  —  19 

1  =  Wet  bulb  temperature 

2  =  Relative  humidity 

3  =  Dewpoint  temperature 
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APPENDIX  B:  CLIMATOLOGY  PROGRAM  REQUEST  AND  USER 
WORKSHEETS 

Climatology   Program  Request 
Sheet   Number    1 

USER  WORKSHEET:      Programs   SUMMARY,    PRECIP1 
PRECIP2,    WINDS,    and   THREEWAY 


Charge  Number: 
User: 


Date: 


Project: 


Station  Name1 


Number 


Station  Elevation: 


_ft.   NFWDL  File  Name^: 

Year  Begin Year  End 


Program  request  and  description  of  desired  data  base3: 

SUMMARY    PRECIP1    PRECIP2   WINDS     THREEWAY^ 
Date  begin: 
(MMDDYY)5 


Date  end: 
(MMDDYY)5 

Minimum  days/ 
10-day  period 


Output  level6 
(0  is  default) 

If  SUMMARY: 


(6  is  default) 


(8  is  default) 


Parameter(s)  to  be 
summarized 

Dry  bulb  temperature 
Maximum  daily  temperature 
Minimum  daily  temperature 
Mean  daily  temperature 
Relative  humidity 
Maximum  relative  humidity 
Minimum  relative  humidity 
Mean  relative  humidity 


Table 

(s) 

to  be 

print 

ed 

out8 

1   2 

3 

4   5 

1   2 

3 

4   5 

1   2 

3 

4   5 

1   2 

3 

4   5 

1   2 

3 

4   5 

1   2 

3 

4   5 

1   2 

3 

4   5 

1   2 

3 

4   5 

20  character  limit . 


2Refer  to  "The  National  Fire  Weather  Data  Library:  What  It  is  and 
how  to  use  it"  by  R.  William  Furman  and  Clen  E.  Brink,  USDA  Forest 
Service  Gen.  Tech.  Rep.  RM-19,  Rocky  Mountain  Forest  and  Range 
Experiment  Station.  Ft.  Collins,  CO  80521.  1975.  8  p. 
Indicate  programs  to  be  run  by  entering  desired  begin  and  end 
dates  of  desired  data  base  under  appropriate  program  name. 
Maximum  of  5  months  per  execution. 

sEnter  dates  In  form  of  MM  (month)  DD  (day)  and  YY  (year),  for 
example:  050962  (May  9,  1962). 

60  =  10  day  and  monthly  totals;  1  -  monthly  tables  only. 
Check  (/)  parameters  to  be  summarized. 

"Circle  desired  output. 
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Climatology  Program  Request  and 
User  Worksheet  Number  2 

PROGRAM  AVERAGE 1 

Temperature  or  Humidity  Variable  to  be  Summarized: 

Complete  Record  Station  Name: 


Incomplete  Record  Station  Name; 
DATA  BASE  DESCRIPTION: 


Year     Year    Month    Period1    Month   Period1 
begin    end     begin    begin      end      end 


Complete  station 
Incomplete  station 


10-DAY  AND  MONTHLY  MEAN  VALUES2: 

Incomplete   Complete     Period    Incomplete   Complete 
Period     station     station      (con.)      (con.)      (con.) 


10-day  period  within  each  month.   Enter  01  for  days  1-10,  02  for  days 
11-20,  and  03  for  days  21-31. 
2  Enter  0  if  data  is  missing.   Enter  all  10-day  periods  and  their 
monthly  mean  values,  in  sequence. 
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Climatology  Program  Request  and 
User  Worksheet  Number  3 

Program  AVERAGE2 


1.0  heading: 


LONG  TERM  STATION  SPECIFICATIONS 

2.1  First  long-term  station  name:_ 

2.2  Second  long-term  station  name: 

2.3  Year  begin: 

2.5  Month  begin: 


SHORT  TERM  STATION  SPECIFICATIONS 

3.1   Short-term  station  name: 

3. A  Year  begin: 

3.6  Month  begin: 


2. A  Year  end: 
2.6  Month  end 


3.5 

3.7 


Year  end: 
Month  end; 


10-DAY  PERIOD  MEAN  AMOUNTS 

Long-term  means 
(sequence  2) 

Period2    Long  !■   Long  2 


Short-term  means1 
(sequence  3) 

Period2   Short  1   Long  1   Long  2 


Enter  0  if  missing. 

Enter  period  beginning  date;  May  1,  May  11,  etc 
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Climatology  Program  Request  and 
User  Worksheet  Number  4 

Program  AVERACE3 

1.0  Heading: 


LONG  SEASON  DATA  SPECIFICATIONS 

2.1  First  long  season  station  name:_ 

2.2  Second  long  season  station  name: 


Year      Year      Month     Period1    Month     Period1 
begin     end       begin     begin      end       end 


2.3       2.4       2.5       2.6       2.7       2.8 

SHORT  PERIOD  DATA  SPECIFICATIONS 

3.1  First  long  station  name  (short  record  period): 

3.2  Second  long  station  name  (short  record  period): 

3.3  Primary  short-term  station  name: 


Year 
begin 

Year 
end 

Month 
begin 

Period1 
begin 

Month 
end 

Period1 
end 

3.4 
MEAN  VALUES 

3.5 

3.6 

3.7 

3.8 

3.9 

Long-term  means  Short-term  means 

(sequence  2)  (sequence  3) 

Period   Long  1    Long  2  Period    Short  1   Short  1   Short  2 


1  10-day  period  within  each  month.   Enter  01  for  days  1-10,  02  for  days 
11-20;  and  03  for  days  21-31. 


39 

*  U  S  GOVERNMENT  PRINTING  OFFICE:  1 984—776-032/1 071  REGION  NO 


J 


Bradshaw,  Larry  S.;  Fischer,  William  C.  Computer  programs  for  summarizing 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific knowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,  Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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RESEARCH  SUMMARY 

Samples  of  90  trees  in  north-central  Utah  were  ex- 
amined to  determine  growth  rates  for  Gambel  oak. 
These  growth  data  were  used  in  an  analysis  to  deter- 
mine per-stem  values  of  oak  as  residential  fuelwood. 

Some  oak  stands  in  north-central  Utah  contain  large 
amounts  of  wood.  Current  estimates  of  the  stumpage 
value  of  better  stands  of  oak  range  up  to  $2,300  per 
stocked  acre.  Oak  in  the  sample  achieved  minimum 
harvest  size  in  about  55  years.  The  annual  rate  of 
growth  declined  rapidly  until  leveling  at  about  2  per- 
cent. This  annual  percentage  increase  in  volume  is 
used  in  comparing  the  income  from  harvesting  with 
the  income  of  alternative  investments.  Current  high 
rates  of  returns  on  alternative  investments  and  the 
risks  of  holding  oak  on  the  stem  indicate  maximum 
return  could  be  obtained  by  harvest  as  soon  as  the 
minimum  size  is  reached. 
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INTRODUCTION 

Gambel  oak  (Quercus  gambelii  Nutt.)  is  a  species  oc- 
curring over  a  broad  area  in  Arizona,  Colorado,  New 
Mexico,  and  Utah  (fig.  1).  Oak  is  the  dominant  overstory 
vegetation  on  9  million  acres  (3.64  million  ha) 
(Tiedemann  and  others,  unpublished).  Gambel  oak  is  a 
member  of  the  Fagaceae  (beech)  family  and  varies  from  a 
small  shrub  to  a  medium-sized  tree.  Oak  often  achieves  a 
full  tree  form  on  better  soils  and  where  about  20  inches 
(50.8  cm)  of  water  is  available  (Christensen  1949;  Arnow 
1971;  Brown  1958).  The  farther  south  in  the  range  of 
oak,  the  larger  the  tree  forms  become  (Reynolds  and 
others  1970;  Barger  and  Ffolliott  1972).  Common  woody 
associates  at  low  to  mid-elevations  (4,000  to  6,000  ft  or 
1  300  to  2  000  m)  are  bitterbrush  (Purshia  tridentata 
[Pursh]  D.C.),  pinyon  pine  (Pinus  edulis  Engelm.),  Utah 
juniper  (Juniperus  osteosperma  [Torr.]  Little), 
chokecherry  (Prunus  virginiana  L.),  Vasey  big  sagebrush 
(Artemisia  tridentata  Nutt.  var.  vaseyana),  Saskatoon 
serviceberry  (Amelanchier  alnifolia  Nutt.),  and  Utah 
serviceberry  (A.  utahensis  Koehen).  These  associated 
woody  species  normally  comprise  less  than  10  percent  of 
the  total  stand  density.  Bigtooth  maple  (Acer  grand- 
identatum  Nutt.)  and  snowberry  (Symphoricarpos  spp.) 
become  the  principal  woody  associates  of  Gambel  oak  at 
elevations  between  6,000  and  8,000  ft  (1  800  and  2  440  m) 
(Arnow  1971;  Brown  1958;  Christensen  1949;  Horton 
1975;  Kunzler  and  others  1981;  Wright  and  others  1973). 

Most  reproduction  or  regeneration  of  oak  stands  is  ac- 
complished by  sprouting  from  rhizomes  and  lignotubers 
(Harper  and  others,  unpublished;  Christensen  1949; 
Clary  and  Tiedemann,  unpublished).  The  sprouting  oc- 
curs immediately  after  disturbance  or  removal  of  top 
growth  by  fire  or  other  means,  and  significant  growth 
may  occur  in  a  matter  of  weeks. 
Sprouts  of  4.72  inches  (12  cm)  high  were  observed  at 
several  locations  in  the  Canyon  Mountains  less  than  3 
weeks  after  large  fires  during  July  1981.  Resprouting 
after  cutting  is  somewhat  less  dramatic  and  slower  to 
appear  than  after  burning  but  is  still  adequate  for  stand 
replacement  (Perry  and  Opfar,  personal  communication). 


Oak  has  been  recognized  as  an  important  forage  and 
cover  species  for  game  animals  particularly  during  the 
summer  months  (Kufeld  and  others  1973;  Reynolds  and 
others  1970).  Even  though  more  palatable  and  nutritious 
species  exist,  oak  is  also  used  by  big  game  on  some 
winter  ranges  (Welch  and  others  1983).  Oak  is  generally 
considered  an  inferior  and  undesirable  species  in  terms 
of  livestock  and  forage.  Consequently,  much  study  has 
been  directed  at  control  or  eradication  methods  (Horton 
1975;  Marquiss  1971;  Van  Epps  1974). 

Because  of  its  close  proximity  to  settlements,  oak  was 
used  by  early  settlers  as  fuel,  fenceposts,  and  poles.  But 
oak  posts  have  a  short  life,  as  documented  in  Arizona 
experiments  (Barger  and  Ffolliott  1972).  With  the  ready 
availability  of  other  fuels,  the  use  of  oak  wood  as  a 
major  home  energy  source  declined  and  remained  at  low 
levels  until  the  energy  crises  of  the  early  1970's.  The 
superior  heat-producing  qualities  of  oak  and  its  ac- 
cessibility and  close  proximity  to  major  population 
centers  have  generated  considerable  interest  in  manage- 
ment of  the  species  (Harper  and  others,  unpublished). 
Retail  prices  reflect  the  superior  heat-producing  value  of 
oak:  it  is  sold  for  $10  more  per  ton  than  any  other 
species  (Johnson  and  Grosjean  1980).  Oak  is  currently 
offered  by  many  wood  dealers. 

With  the  increased  demand  for  oak  fuelwood  has  come 
a  heightened  interest  in  management  of  the  species 
(USDA  Forest  Service  1983).  This  interest  is  broad 
based  because  ownership  of  oak  is  distributed  among 
private,  State,  and  Federal  holdings.  Reviews  of  the  cur- 
rent literature  indicate  little  scientific  information  for 
basing  decisions  on  managing  oak  on  a  continuing  basis 
as  fuelwood  (Horton  1975;  Harper  and  others, 
unpublished). 

This  report  presents  economic  information  about  using 
Gambel  oak  for  production  of  fuelwood.  The  question  of 
whether  managing  oak  is  the  most  profitable  use  of  land 
is  not  directly  addressed,  but  the  information  presented 
could  be  used  to  show  returns  for  specific  parcels  of 
land. 
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Figure  1.— Distribution  of  Quercus  gambelii  (from  Little  1971). 


METHODOLOGY 

Information  about  the  growth  characteristics  of  oak 
was  needed  for  determining  rotation  ages  and  volume  in- 
crement per  unit  of  land.  The  most  important  economic 
characteristics  were  retail  price  per  unit  of  wood  and 
costs  of  harvesting,  transporting,  handling,  and  selling. 

Because  production  of  harvestable  fuelwood1  was  the 
primary  concern,  the  clones  chosen  for  sampling  were  to 
be  readily  accessible  from  an  existing  road.  Also,  a  range 
of  sizes  was  chosen  to  determine  if  a  possible  size-age 
relationship  existed.  The  result  of  these  selection  criteria 
was  that  clones  on  better  sites  were  sampled.  These  sites 
were  on  deep  soils  with  considerable  clay  in  the  subsoil, 
which  indicates  high  moisture-holding  capability. 

Samples  were  obtained  from  18  clones  of  oak  at  6  loca- 
tions in  north-central  Utah.  One  site  was  in  the 
Sheeprock  Mountains  southwest  of  Vernon.  The  remain- 
ing sites  were  in  the  Wasatch  Mountains.  Sites  were 
located  at  Pole  Canyon  east  of  Nephi,  southeast  of 
Indianola,  Lake  Fork  and  Dairy  Fork  of  Spanish  Fork 
Canyon,  and  Monks  Hollow  in  Diamond  Fork  of  Spanish 
Fork  Canyon.  Five  stems  were  sampled  in  each  of  3 
clones  at  each  location  for  a  total  of  90  stems.  The  stem 
sizes  were  less  than  4  inches  (10.2  cm),  4  to  6  inches 
(10.2  to  15.2  cm),  and  over  6  inches  (15.2  cm),  represent- 
ing the  smallest  size  feasible  for  harvest  to  the  upper 
end  of  the  size  spectrum.  A  section  was  cut  from  each 
stem  at  12  inches  (30  cm)  above  the  ground  surface. 
After  air  drying,  the  samples  were  sanded  and  treated 
with  tung  oil  to  facilitate  counting  of  rings. 

Measurements  were  also  taken  of  stem  diameter  and 
density  in  seven  stands  in  the  Oquirrh  Mountains,  where 
the  volume  per  stem  had  previously  been  determined  to 
aid  in  estimating  volume  per  land  unit. 

All  90  stem  sections  were  marked  and  examined  to 
determine  the  number  of  rings.  Ring  counts  were  made 
across  the  full  diameter  of  stems,  and  the  count  for  the 
two  radii  were  averaged.  Each  ring  was  considered  to 
represent  a  growing  season.  Growth  per  decade  was 
determined  by  measuring  the  increase  in  diameter  for 
successive  decades  (distance  covered  by  10  growth 
rings). 

The  net  annual  increment  of  growth  for  the  stand  is 
the  statistic  needed  for  decisionmaking.  Because  stand 
mortality  over  time  is  a  key  variable  and  determining  it 
would  require  a  major  long-term  study,  an  alternative 
method  was  used.  Individual  stem  growth  was  estimated 
from  the  sample  diameters  and  the  biomass  formula  of 
Clary  and  Tiedemann  (unpublished).  This  approach  could 
be  used  for  individual  stands  by  estimating  the  number 
and  diameter  of  stems. 

Volume  per  stem  was  converted  to  kilograms  by  using 
the  sample  diameter  estimates  in  the  biomass  formula: 
Log  Y  =  -0.169  +  2.04  (log  X) 
Y  =  bole  biomass  in  grams 
X  =  basal  diameter  in  mm  (outside  bark) 


'In  this  report  a  size  of  3.5  inches  (8.89  cm)  in  diameter  or  larger  is 
considered  harvestable  as  fuelwood.  Smaller  stems  are  usable  and 
harvested  by  wood  gatherers  in  conjunction  with  larger  material,  but  re- 
quire too  much  effort  per  unit  of  wood  to  be  feasible  by  themselves. 


The  results  from  application  of  this  formula  to  the 
study  stem  section  measurements  were  compared  to 
estimates  of  volumes  from  seven  stands  in  the  Oquirrh 
Mountains  and  those  estimated  by  others  (Barger  and 
Ffolliott  1972). 

This  study  sought  to  find  the  most  profitable  age  for 
harvesting  a  fuelwood  crop.  The  annual  addition  of  wood 
fiber  or  biomass  would  fix  the  physical  parameter.  The 
economic  decision  criterion  would  be  the  earning  rate  on 
alternative  investments.  The  value  added  by  allowing  a 
stand  to  continue  to  grow  could  be  compared  with  the 
economic  return  from  harvesting  and  investing  the 
return  elsewhere.  Costs  for  harvest,  transport,  process, 
and  delivery  of  wood  were  determined  by  direct  observa- 
tion of  harvesting  operations  and  by  reference  to  studies 
on  fuelwood  operations  (Stine  1980;  Johnson  and 
Grosjean  1980). 

Selling  prices  of  oak  wood  were  determined  by  sampl- 
ing classified  advertisements  in  two  major  Utah 
newspapers  over  3  years  (Provo  Herald  1980-82;  Salt 
Lake  Tribune  1980-82).  Each  ad  with  a  price  quotation 
was  listed  by  telephone  number.  The  price  for  each 
phone  number  was  used  only  once.  A  refinement  would 
be  the  weighting  of  prices  depending  upon  the  volume  of 
wood  sold  by  each  operator  during  a  year. 

RESULTS 

After  analyzing  the  age  data  from  the  stem  samples, 
no  distinct  slowing  of  radial  growth  with  aging  could  be 
determined.  The  width  of  growth  rings  for  any  given 
location  was  remarkably  similar  for  all  three  size  classes. 
The  larger  trees  were  older,  as  shown  by  the  data  in 
table  1  and  figure  2.  The  comparison  of  clones  at  a  loca- 
tion or  among  locations  should  be  done  with  great  cau- 
tion because  environmental  variation  could  be 
significant. 

The  data  indicate  differences  in  rate  of  growth  among 
the  sampled  clones,  but  the  causal  variables  could  not  be 
readily  determined.  Some  genetic  variation  undoubtedly 
exists  because  the  samples  from  the  Sheeprock  location 
have  a  bark  markedly  different  from  the  other  samples. 
Environmental  factors  could  differ  enough  to  affect  rate 
of  growth.  Variability  among  clones  across  the  range  of 
oak  has  also  been  observed  by  Brown  1958,  Barger  and 
Ffolliott  1972,  and  Kunzler  and  others  1981. 

The  basal  area  of  stems  was  increasing  measurably  for 
all  stems  in  the  sample  (fig.  3).  Taken  by  itself  this 
physical  attribute  would  suggest  long  rotations  and 
large  diameter  trees.  There  is  one  major  factor  not 
measured  that  could  modify  this  conclusion.  Mortality  of 
stems  within  a  given  clone  must  be  taken  into  account. 
Perhaps  reduction  of  stem  numbers  offsets  growth  of 
those  alive,  so  that  while  individual  trees  grow,  total  live 
standing  biomass  would  not  increase. 

Although  the  absolute  basal  area  increased  at  a  slight- 
ly increasing  rate  for  all  ages  sampled,  the  annual  incre- 
ment of  growth  expressed  as  an  annual  percentage 
declined  rapidly  at  younger  ages  and  became  relatively 
stable  at  older  ages.  The  percentage  change  in  biomass 
data  was  plotted  over  time  to  show  the  changing  in- 
cremental rate  of  biomass  increase  (fig.  4). 


Table  1.— Estimated  age  of  Gambel  oak  in  north-centra[  Utah1 


Sizes 


Site 


Small  Medium  Large  All 

Diameter      Ring      Diameter      Ring      Diameter      Ring      Diameter     Rings 


Inches 

No. 

Inches 

No. 

Inches 

No. 

Inches 

No. 

Indianola 

3.8 

94 

4.8 

102 

5.6 

104 

4.8 

100 

North  Oakbrush 

3.6 

68 

5.1 

70 

7.0 

100 

5.3 

79 

Pole  Canyon 

3.6 

87 

4.2 

96 

6.1 

103 

4.6 

95 

Lake  Fork 

3.6 

79 

4.6 

96 

6.3 

101 

4.8 

92 

Monks  Hollow 

3.0 

68 

5.0 

114 

6.4 

123 

4.8 

102 

Dairy  Fork 

4.0 

87 

4.8 

111 

6.8 

113 

5.2 

104 

All 

3.7 

81 

4.8 

98 

6.4 

107 

4.9 

95 

1Five  samples  were  included  in  each  size  at  each  site  for  a  total  of  90  samples. 
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Figure  2.— Cumulative  average  diameter  of  1! 
clones  of  oak,  north-central  Utah. 
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Figure  3.— Cumulative  basal  area  per  stem, 
average  of  5  stems  of  3  sizes  from  18  clones, 
north-central  Utah. 
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Figure  4.  — Percentage  decade  change  in 
biomass  for  30  stems  of  each  of  3  sizes  of  oak, 
north-central  Utah. 

Stand  density,  height,  diameter,  mortality  rate,  growth 
rate,  and  associated  vegetation  vary  widely  (Kunzler  and 
others  1981;  Tiedemann  and  others,  unpublished;  Brown 
1958;  Horton  1975;  Wright  and  others  1973).  Selected 
characteristics  of  seven  stands  in  the  Oquirrh  Mountains 
of  north-central  Utah  are  shown  in  table  2.  The  sample 
data  fit  within  the  ranges  observed  in  the  Oquirrh 
Mountain  stands  and  those  recorded  by  other  observers 
(Harper  and  others,  unpublished;  Reynolds  and  others 
1970;  and  Brown  1958).  The  most  realistic  expression  of 
volume  per  unit  area  of  land  appears  to  be  per  stocked 
acre  or  the  area  within  clonal  boundaries.  Using  stocked 
acres  as  the  basic  measure  of  volume  is  consistent  with 


the  procedure  used  for  other  tree  species.  This  would 
reduce  the  variability  in  per-acre-volume  estimates 
caused  by  interclonal  spacing.  But  intraclonal  or  within- 
stand  differences  will  still  cause  considerable  variation  in 
estimates  of  volume. 

Estimated  volume  per  stem  and  current  stumpage 
value  per  stem  are  shown  in  table  3.  Value  per  stem  is 
based  on  a  budgeting  process  where  the  retail  selling 
price  was  used  as  the  base  and  the  expense  items 
deducted  to  get  the  stumpage  price  (table  4.)  The 
stumpage  value  estimates  were  validated  by  comparing 
with  advertised  selling  prices  of  oakwood  on  the  stem 
(Provo  Herald  1982).  Total  value  for  a  given  area  or 
clone  could  be  obtained  by  multiplying  the  values  per 
stem  by  number  of  stems  in  the  area  being  considered. 


Table  3.— Estimated  volume  and  value  per  stem  of  oak  from  11 
Stands  at  6  locations,  north-central  Utah 


Average 

Stand 

Diameter 

Basal  area 

Volume1 

Value2 

Inches 

Inches2 

Lb/stem 

$/stem 

1-S 

3.58 

10.04 

19.58 

$0,098 

2-S 

3.62 

10.29 

20.1 

.101 

3-S 

3.86 

11.69 

22.8*8 

.115 

4-S 

3.03 

7.2 

13.99 

.070 

5-S 

3.98 

12.44 

24.33 

.122 

6-S 

3.62 

10.29 

20.11 

.101 

Total-S 

3.62 

10.29 

20.11 

.101 

1-M 

5.12 

20.59 

40.79 

.204 

2-M 

4.57 

16.40 

32.27 

.162 

3-M 

4.84 

18.40 

36.37 

.182 

4-M 

4.96 

19.32 

38.19 

.191 

5-M 

4.84 

18.40 

36.37 

.182 

6-M 

4.21 

13.92 

27.37 

.137 

Total-M 

4.76 

17.80 

35.16 

.176 

1-L 

7.01 

38.59 

77.29 

.387 

2-L 

6.34 

31.57 

62.99 

.316 

3-L 

5.63 

24.89 

49.46 

.248 

4-L 

6.46 

32.78 

65.38 

.328 

5-L 

6.77 

36.00 

72.07 

.361 

6-L 

6.10 

29.22 

58.28 

.292 

Total-L 

6.38 

31.97 

63.78 

.320 

Table  2.— Estimated  volumes  of  fuelwood  from  seven  stands  of  G 
in  Oquirrh  Mountains,  Utah 


ambel  oak 


'Bole  volume  only;  branches  would  add  to  volume. 
2Based  on  stumpage  of  $107ton  or  $17.70/cord.  1  cord 


1.77  tons. 


Stand  No. 


Tree  characteristics 


Number  per 


Diameter 


Height 


Volume 
Ft3/tree 


Cords 


Inches 


Feet 


1 

8-10 

1,742 

25 

6 

130 

2 

3-4 

3,920 

15 

0.5 

25 

3 

3-5 

4,791 

20 

.75 

45 

4 

7-10 

700 

20 

3.5 

30.6 

5 

4-6 

1,306 

15 

1.0 

16 

6 

4-6 

700 

12 

.75 

6.5 

7 

6-7 

957 

20 

1.5 

18 

'Includes  only  area  within  clonal  boundary. 


Table  4.— Estimated  cost  of  harvesting,  handling,  and  marketing  Gambel  oak  Firewood  in  north- 
Central  Utah,  1983 


Item 


Units  of  measure  or  description 


$/ton 


$/cord2 


Stumpage  Land  owners  gross  return 

Harvest  Fall,  trim  cut  to  length1  2  h/ton  @  $107h 

Yarding  5  miles  average  load  and  haul 

Split  Split  pieces  over  6  ft  diameter  in  two 

Load  10  ton  loads  4  work  hours  @  $5 

Haul  to  market  $2/mile,  average  100  miles 

Profit  Harvester 

Wholesale  price 

Delivery  Per  unit 

Profit  Retail/unit 

Price  Delivered  to  consumer 


10 

17.70 

20 

35.40 

10 

17.70 

5 

8.85 

2 

3.54 

20 

35.4 

8 

14.12 

75 

132.75 

10 

17.70 

10 

17.70 

95 

168 

includes  a  worker  who  furnishes  own  chain  saw,  etc. 
2Cord  is  estimated  as  being  3,548  lb  air  dry  or  1.77  tons. 


Financial  maturity  of  stands  can  be  estimated  by  com- 
paring the  annual  growth  expressed  as  an  annual  per- 
centage with  the  expected  rate  of  alternate  earnings  of 
invested  capital.  For  instance,  once  oak  has  achieved  the 
minimum  harvestable  size  it  could  be  harvested  im- 
mediately or  at  some  later  time.  Harvesting  at  a  later 
time  has  some  economic  costs  associated  with  the 


passage  of  time,  including  some  direct  management 
costs  and  risks  of  loss  due  to  fire,  theft,  insects,  or 
disease.  As  shown  in  figure  5,  oak  reaches  harvestable 
size  at  about  65  years.  The  annual  percentage  rate  of 
growth  at  65  years  is  less  than  3  percent  (fig.  6).  Unless 
a  low  rate  of  return  is  acceptable,  harvesting  oak  as 
soon  as  it  reaches  harvestable  size  would  be  most 
profitable. 
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Figure  5.— Cumulative  average  diameter  of  90 
oak  stems  for  18  clones,  north-central  Utah. 


Figure  6.— Average  annual  percentage 
growth  per  stem  of  oak,  north-central 
Utah. 


DISCUSSION 

Data  from  the  sample  stands  can  be  used  to 
demonstrate  the  application  of  economic  criteria  to 
selecting  a  harvest  strategy,  although  the  comparison  of 
clones  at  a  location  or  among  locations  should  be  done 
with  great  caution  because  environmental  variation 
could  be  significant. 

Economic  criteria  can  be  used  to  derive  the  most  prof- 
itable harvest  decision  once  a  minimum  rotation  age  (the 
age  stems  reach  3.5  inches  or  8.9  cm)  is  established.  If 
the  rate  of  value  increase  for  a  mature  stand  exceeds  the 
economic  return  of  the  best  alternative  investment  plus 
the  other  costs  of  holding  the  oak  on  the  stem, 
harvesting  should  be  delayed.  An  example: 
Where 

R  =  economic  return  from  alternate  investment  ex- 
pressed as  a  percentage 

A  =  minimum  rotation  age  =  65  years  (when  average 
basal  diameter  reaches  3.5  inches  or  8.9  cm) 

C   =  cost  of  holding  (risk,  management,  protection, 
taxes,  and  so  forth) 

volume  added 

during  year 

G  =  percentage  growth  rate  of  oak  =    

volume  at 

start  of  year 

In  this  example: 

A      =65  years 

R      =8  percent  per  year 

C      =  negligible 

G      =  2.85  percent  per  year  (for  sample  65  to  70 

years),  see  figure  6 

Harvest  would  occur  because  G<  R  (2.8  percent <  8 
percent). 

The  growth  rate  (G)  is  much  less  than  the  earning  rate 
(R)  of  the  alternate  investment  and  the  stand  is  mature, 
so  immediate  harvest  is  the  most  profitable  alternative. 
The  stumpage  price  per  unit  of  oak  as  fuelwood  does  not 
increase  as  size  increases,  although  value  of  individual 
trees  becomes  greater  due  to  increasing  volume.  If 
stumpage  prices  are  expected  to  change  over  time, 
another  variable  reflecting  this  could  be  included  in  the 
calculation. 

Figure  6  can  also  be  used  as  guidance  for  public  land 
managers.  All  growth  rates  beyond  65  years  are  less 
than  the  4.12  percent  minimum  return  expected  by  the 
Office  of  Management  and  Budget  on  public  investments 
to  show  economic  feasibility.  This  suggests  that  a 
strategy  of  harvesting  at  the  youngest  age  possible  is 
economically  superior  to  older  ages. 

A  further  extension  of  the  example  may  prove  instruc- 
tive. Table  2  shows  that  stand  7  in  the  Oquirrh 
Mountains  has  957  trees  per  acre  of  a  6-  to  7-inch  (15.2- 
to  17.8-cm)  size.  If  similar  to  the  sample,  these  trees 
would  be  about  100  years  old  and  would  yield  about  18 
cords  per  stocked  acre.  Plugging  these  numbers  into  the 
formula  yields  the  results. 

The  annual  return  from  an  alternate  investment  would 
be: 

Ra  =  R  (VXP) 


where 
R  =  8  percent 
Ra=  annual  return 

V  =  cords  per  acre  (18) 

P  =  stumpage  price  per  cord  ($17.70) 

V  X  P  =  total  stumpage  value  per  stocked  acre 
Solving  the  equation  yields: 

Ra  =  0.08  ($318.60) 
Ra  =  $25.49 
Allowing  the  stand  to  grow  would  yield  the  following 
change  in  value  by  using  two  formulas: 

V  =  G  X  V 
where 
V '  =  added  volume 
G  =  percent  rate  of  growth  (1.8  percent) 

V  =  stand  volume  at  start  of  year  (18  cords)and 
I    =  V  X  P 

where 

I    =  increased  value  per  stocked  acre 

V  =  added  volume  expected 

P  =  price  per  cord  ($17.70)Solving  the  formulas  by 
use  of  the  sample  data  yields: 
V"   =  G  X  V  =  0.018  X  18  =  0.324  (cords) 
I      =  V  X  P  =  0.324  X  $17.70  =  $5.73 
The  value  of  the  increased  growth  during  the  year  is 
$5.73,  while  the  expected  return  from  the  alternative  in- 
vestment would  be  $25.49.  If  the  costs  of  holding  the 
growing  stock  (C)  were  significant  due  to  mortality, 
theft,  disease,  insects,  fire,  or  other  costs,  the  value  dif- 
ference in  favor  of  immediate  harvest  would  be  larger. 

CONCLUSIONS 

For  the  area  represented  by  the  sample  productive 
sites  in  north-central  Utah,  Gambel  oak  can  successfully 
and  economically  be  managed  for  fuelwood  where 
markets  exist  and  competitive  uses  of  the  land  are 
limited.  A  rotation  age  of  65  years  would  allow  most 
clones  to  grow  trees  that  exceed  the  mininum  fuelwood 
size  of  3.5  inches  (8.9  cm).  Current  retail  stumpage 
prices  of  oak  clones  in  this  study,  if  harvested  for 
fuelwood,  would  range  from  $115  to  $2,300  per  stocked 
acre. 

Considering  the  high  yields  on  investments  in  treasury 
bills,  savings  certificates,  and  other  low-risk  in- 
vestments, and  the  low  annual  percentage  growth  of 
older  oak,  holding  growing  stock  is  not  the  most  prof- 
itable management  strategy.  Old  growth  stands  could  be 
converted  to  young  stands  which  have  a  higher  annual 
percentage  rate  of  growth  and  the  revenue  received  in- 
vested at  high  rates  of  return.  Costs  of  managing  and 
holding  oak  on  the  stem  need  further  study  because  they 
may  be  significant  and  could  affect  harvest  decisions. 

Because  of  variation  among  clones  and  locations,  cau- 
tion in  directly  applying  results  of  this  study  is  needed. 
Specific  locations  may  well  have  different  growth  rates, 
yields,  and  market  values.  There  appears  to  be  a  strong 
market  for  oak  as  fuelwood,  and  as  a  result  stumpage 
prices  are  expected  to  remain  the  same  or  even  increase. 
Values  of  the  standing  crop  of  wood  are  significant.  The 
value  of  Gambel  oak  land  as  a  wood-producing  site  could 
well  exceed  other  uses  of  the  land. 
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Basic  economic  analysis  determined  values  of  oak  as  fuelwood  in  north- 
central  Utah.  If  owners  of  oak  are  to  maximize  economic  returns,  they  must 
determine  whether  to  harvest  and  invest  the  sale  proceeds  or  let  stands  grow. 
Older  stands  have  a  lower  annual  percentage  growth  rate,  so  the  alternative  of 
earlier  harvest,  which  frees  capital  for  investment  at  current  high  rates  of  return, 
is  very  attractive. 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific knowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,  Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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